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'1FSER  RIVER  SYSTEM 


HYDRAULIC  EFFECTS  OF  D3/OLITTCN 
OF  EDER  DAM 

SECTION  I.  INTRODUCTION 

01.  ASSIGNM3IT.  This  special  study  was  assigned  to  the  Military 
Hydrology  R Sc  D Branch,  Engineering  Division,  Washington 
District,  by  letter  from  office  of  the  Chief  of  Engineers, 
ENGWE  to  Division  Engineer,  North  Atlantic  Division,  subject, 
'’Military  Hydrology,  R & D Project  No.  8-72-12-001:  Special 
Assignments,'’  dated  1 Novanber  1951* 

02.  SCOPE  OF  THIS  REPORT. 

a.  This  report  presents  inforrmtion  regarding  the  hydraulic 
effects  of  possible  donolition  of  the  Eder  Dam  upon  bridges 
and  other  structures  along  the  Eder,  Fulda  and  Weser  Rivers 
and  on  the  flood  plains,  and  the  changed  potential  of  the 
river  area  as  a militaiy  barrier  subsequent  to  runoff  of 
water  released. 

b.  The  report  is  designed  to  furnish  basic  data  and  results  of 
analyses  needed  to  answer  questions  concerning: 

(1)  Size  of  breaches  and  rates  of  discharge  in  dams 
and  levees, 

(2)  Utilization  of  navigation  structures  and  levee 
systems  in  conjunction  with  demolition  of  Eder  Dam. 

(3)  Stages,  discharges,  velocities  and  time  of  travel  of 
the  artificial  flood  waves  at  key  stations  on  the 
Eder,  Fulda  and  Weser  Rivers. 

(4)  Low,  mean,  and  high  stages,  including  duration,  at 
key  stations  on  the  Fulda  and  V/eser  Rivers. 

(5)  Character  of  the  stream  bed  nBteriais  and  banks  of 
the  r'eser  River. 

(6)  Locations  and  elevations  if  zeros  of  gaging  (pegel) 
stations . 

(7)  Reservoirs,  navigation  structures,  levees  and  bridges 
on  the  Eder,  Fulda,  Diemel  and  Vfeser  Rivers, 

c.  Additional  studies  are  needed  to  adequately  cover  the  sub- 
ject for  general  militaiy  requirements. 
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Jr- 03.  ARRANGEMENT  OF  REPORT.  This  report  is  sub-divided  as  follows: 

Volume  I 

Section  I.  Introduction 

Section  II.  Drainage  Area  Characteristics  and  Developments 

Section  III.  Hydrology 

Section  IV.  Artificial  Flooding  Potentialities 

Bibliography 

List  of  Exhibits  contained  in  Separate  Folio 

ApDendix  A,  Description  of  Watercourse  and  Control  Structures 

Appendix  B.  Geology 

Appendix  C.  Destruction  and  Protection  of  Dams  and  Levees 

Voluno  II 


Folio  of  Exhibits 
1-04.  DEFINITION  CF  TERMS. 


a.  Equivalent  English-Metric  Terms.  Both  the  English  amd  metric 
systans  are  involved  in  data  contained  herein.  The  following 
conversion  factors  are  presented  for  convaiient  reference: 


To  reduce  A to  B. 

multiply  A by  F. 

To  reduce  B to 

A.  multiply  B by  G 

Ihit  A 

Factor  F* 

Factor  G 

Unit  B 

Miles  (Mi.) 

1.60935 

.62117 

Kilometers  (Wn.) 

Meters  (M) 

3.2808 

.30480 

Feet  (Ft.) 

Meters 

39.370 

.025400 

Inches 

Cubic  Meter  (m3) 

35.3145 

.023317 

Cubic  Feet  (Cu.ft.) 

Acre-feet 

43560. 

.000022957 

Cubic  Feet 

Acre-feet  (Ac-ft,) 

1233.5 

.00081071 

Cubic  Meters  (f$) 

Second-feet  (cfs) 

1.9835 

.50417 

Acre-feet  per  24  hrs 

Mile 8 per  hour 

1.4667 

,68182 

Feet  per  second 

Meters  per  second 

3 .2808 

.30480 

Feet  per  second 

Meters  per  second 

2.2369 

.44704 

Miles  per  hour 

- 2 - 
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1-OS. 


• Selected  hydrologic  terms  and  abbreviations  used  in  this 
report  are  given  in  Exhibit  1. 

REFERENCES . All  references  cited  herein  by  nwber  are  listed 
in  the  bibliography  at  the  end  rf  the  repert. 
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SECTION  II 

DRAINAGE  3ASLN  CHARACT ERISTICS  & DEVELOPMENTS 


2-01.  GENERAL. 

a.  The  Weser  River  is  formed  by  the  confluence  of  the  rferra  and 
Fulda  Rivers,  near  Hann  Mucnden,  each  of  which  has  its  source 
in  the  hills  of  the  Mid-German  Highlands.  The  Vfcser  River 
traverses  the  North  German  Plain,  flowing  from  South  to  North 
to  enter  the  North  Sea  near  Bremerhaven.  The  course  is  ex- 
tremely tortuous  for  im>st  of  the  478  km  length.  The  major 
left  bank  tributaries  are  the  Eder  (which  joins  tht  Fulda  near 
Gun terhausen ) , the  Diemel,  and  the  Hunte;  the  right  bank  tribu- 
taries are  the  Aller  and  Hamme  Rivers.  Maps  are  presented  as 
Exhibits  2 and  3,  and  a detailed  description  is  tabulated  in. 
Appendix  A . 

b.  The  information  presented  In  this  section  is  limited  to  con- 
sideration of  the  main  stem  of  the  Vfeser  River,  the  portion 
of  The  Eder  and  Fulda  Rivers  helm  the  Eder  Dam,  and  the 
reaches  of  the  Diemel  River  below  the  Diemel  Dam. 

2-02.  DRAINAGE  AREAS . ’Watershed  lines  of  the  major  drainage  basins  of 
Germany  are  shoTO  on  Exhibit  3.  The  total  drainage  area  of 
the  ^eser  River  and  tributaries  is  45,548  sq.  km,  which  is 
13  percent  of  the  total  area  of  post-war  Germany.  Following 
are  tabulated  drainage  areas  at  key  stations  on  the  VITeser  River r 


Station 


River  km 


Hann  Muenden  0 
Khrlshat  en  45 
Hameln  135 
Nienburg  268 
Intschede  331 


2-03.  TOPOGRAPHY,  GRADIENTS  & CHANNEL  PROFILES. 


Drainage  Area 
(Sq.  knO 

12,460 
14, 825 
17,113 
21,891 
37,906 


a.  The  topography  of  the  Vfeser  River  basin  is  mountainous  in  the 
Upper  7eser  (Oberweser)  above  Porta.  There  the  Middle  VYeser 
(Mittlere  v:eser)  enters  the  North  Gemen  Plain.  The  portion 
from  the  Hemelingen  T.reir  to  Bremerhaven,  knom  as  the  Lower 
Vfeser  (T^terweser)  is  tidal  and  flows  through  flat  imrshland. 

The  Outer  7e ser  (Ausserweser ) below  Bremerhaven  consists  of  a 
wide  estuary  characterized  ty  extensive  sands  and  "wat-t-s"*, 
which  are  exposed  only  at  low  tide.  The  topography  of  the  V/eser 
River  and  its  tributaries  is  indicated  on  the  profiles  presented 
on  Exhibits  4 to  7,  inclusive. 


♦Sandy  rmrshland 
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b.  The  gradient  in  the  ’veser  River  vari 2s  cr nsiderably . Shallow 
stretches  with  very  steep  gradients  alternate  with  deep 
stretches  w.ith  very  slight  gradients.  Navigation  structures 
tend  tc  equalize  the  gradient  variations.  The  gradients  of 
the  Fulda,  Luer,  and  Diomel  rivers  are  generally  steep,  ex- 
cept where  modified  by  navigation  and  vra ter  power  dams.  Aver- 
age graedents  are  tabulated  below* 

tfeser  River 
Hann  Muenden  to  Porta 
Porte,  to  Intschede 

Fulda  River 
Gunterhausen  to  Hann  Muenden 

Eder  River 

Eder  Dam  to  Gunterhauaen 


4.7-3.2/10,000 

2.6-2.0/10,000 

5.4/10,000 

11.6/10,000 


Diemel  River 

Dienel  Dam  to  Twiste  River  23.2/10,000 

Twiste  River  to  Karls  hi  fen  6.8/10,000 

c,  AH  elevations  referred  to  herein  are  referenced  to  "Nonral 
Null,”  (NN)  the  normal  zero  of  the  land  horizon  of  the  old 
Reich. 


d.  Official  stationing  along  the  "reser  River  is  measured  in 
kilometers  downstream  from  Hann  Muenden  to  Bremen,  and  is 
used  herein  for  referencing  profiles  and  locations.  The 
tidal  sections  of  the  rfeser  River  are  measured  downstream 
'from  Bremen . Profiles  shorn  along  the  Fulda  and  Eder  Rivers 
are  measured  upstream  from  Hann  Muenden,  However,  for  con- 
venience, certain  data  are  referenced  in  kilometers  down- 
stream from  Eder  Dam.  Distances  along  the  Diemel  River  are 
shown  as  kilometers  downstream  from  the  Dianel  Dam. 


2-04  CHANNEL  CROSS-SECTIONS  AND  GEDLOGY. 

a.  Cross-Sections.  The  general  character  of  the  V'feser  River 

channel  and  valley  Is  indicated  by  typical  channel  and  valley 
cross-sections  show  on  Exhibits  8 to  12,  inclusive.  The 
cross-sections  shown  are  fairly  -typical  of  the  general 
stream  characteristics  in  the  vicinity  of  those  locations, 
though  considerable  local  variations  can  be  expected.  Addi- 
tional cross-sections  are  contained  in  the  document  listed  as 
Reference  1 in  the  Bibliography. 
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b.  Nature  of  Stream  Bed.  The  Weser  River  bed  is  fim  and  subject 
to  but  slight  shifting.  The  bed  from  Hann  Muenden  to  Minden 
is  stony  gravel,  inclined  to  be  rocty  in  certain  locations. 
Below  Liebonau  the  bed  is  composed  of  clay,  becoming  increas- 
ingly sandier  to  the  mouth  of  the  A ller  River.  Belc*^  that 
point  the  river  bed  is  sand.  Detailed  description  of  the 
geologic  conditions  is  presented  in  Appendix  B. 

2-05.  CHANNEL  AND  FLOOD-PLAIN  WIDTHS. 

a.  The  channel  width  of  the  Weser  River  can  be  determined  by 
reference  to  the  typical  channel  cross-sections  shown  on 
Exhibits  8 and  9.  The  widths  of  valley  subject  to  flooding 
can  be  estimated  by  reference  to  the  general  map.  Exhibit  2, 
and  to  the  typioal  valley  cj'oss-sections  presented  as  Exhibits 
10  to  12,  inclusive.  Accurate  information  regarding  the 
natural  flood  plain  as  modified  by  the  extensive  system  of 
local  dikes  and  levees  is  not  available.  Firstr-hand  informa- 
tion should  be  obtained  fcy  local  reconnaissance. 


b. 


Following  is  a general  indication  of  the  widths  of  main 
channel  and  flood  plain  at  various  locations  along  the  Weser 
River  and  its  tributaries i 


We ser  River 

Channel 

Width  (meters) 

Flood  Plain  Width 
(Kilometers) 

Hann  Muenden  to  Haneln 

6O-H0 

0.15-  2.6 

Hameln  to  Porta 

6O-H0 

0.2  - 4.1 

Porta  to  Nienburg 

75-110 

0.2  - 4.0 

Nienburg  to  Mouth  of  A Her 

75-110 

4.2  - 21.3 

Mouth  of  A ller  to  Bremen 

H0-150 

9.0  - 20.0 

Bremen  to  Bremer  ha  vai 

150-1900 

9.0  - 22.0 

Fulda  River 

Gunterhausac  to  Hann  Muenden  45-75 

— 

Fder  River 

Eder  Dam  to  Gvxiterhausen 

25-45 

0.5  - 1.6 

Dietnel  River 

Dieael  Dam  to  Marsberg 
Marsberg  to  Warburg 
Warburg  to  Karlshafen 

7.5-10.0 

10.0- 13.5 

15.0- 30*0 

0.8  - 3.0 
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2-06.  CHANNEL  DEPTH  & TIDES 


a*  Upper  & Middle  "feser  (non-tidal) . The  depth  at  mean  low  water 
(MW),  as  augmented  by  regulated  discharge  from  the  Eder  and 
Diemel  Dams,  varies  from  1*1  to  1*6  meters.  The  depth  at  mean 
water  varies  from  2 to  3 meters.  Reference  is  made  to  the 
stream  profile  on  Exhibit  3 for  detailed  depth  information* 

b.  Lower  and  Outer  Y/eser  (tidal)*  The  tidal  range  between  mean 
flood  tide  (MThw)  and  mean  ebb  tide  (NfTnw)  of  the  Hemelingen 
Dam  near  Bremen  was  3*0  meters  for  the  period  of  record 
(1931-1935) • The  main  navigation  channel  in  the  Lower  'rreser 
is  designed  to  permit  access  up  to  Bremen  of  vessels  of  8.0  m 
(26  ft.)  draft  at  favorable  water  stages,  tester  ly  winds  tend 
to  raise  the  water  level,  while  easterly  winds  tend  to  lower  it. 
The  channel  at  Branen  is  subject  to  considerable  sediment 
deposition  and  dredging  of  the  channel  above  Branerhaven  is 
necessary  to  maintain  navigable  depth.  The  mean  and  extreme 
depths  are  indicated  on  the  profile.  Exhibit  5. 


c*  Fulda,  Eder  and  Plan  el  Rivers.  The  depth  above  the  naviga- 
tion dams  on  the  Fulda  River  is  2*5  to  5*0  meters.  Reference 
is  rmde  to  the  profiles  shown  on  Exhibits  5 to  7,  inclusive, 
for  depths  at  specific  locations.  Following  is  a general  indi- 

Mean  Y/ater 
(meters) 

1. 7-2.0 


cation  of  the  average  depths: 

Fulda  River 
Kassel  to  Hann  Mucndai 


Low  Water 
(meters) 
1.5 


Eder  River 

Eder  Dam  to  Gunterhausen 


0*4-0* 5 0.7-1. 2 


Diemel  River 
Diemel  Dam  to  Karl  chafer 


0,2-0. 9 0. 5-1*5 


2-07*  NAVIGATION. 


a.  General.  The  Lower  and  Outer  Yfescr  River  for  the  greater 
part  of  the  time  is  navigable  for  sea-going  vessels  of  rraxi- 
mum  depth  of  8.0  meters  and  capacity  of  7,000  tons  as  far  up- 
stream as  the  Kanelingen  Yfeir  at  Brar.en . The  Middle  and  Upper 
Y.reser  River  is  not  navigable  at  low  water  for  fully  leaded 
barges.  The  standard  1, 000- ton  barge  fully  loaded  has  a draft 
of  about  2.0  meters,  which  exceeds  the  present  augmented  mean  low 
water  depth  of  1,1  to  1.6  meters.  This  depth  necessitates  par- 
tial mloading  of  barges  to  navigate  the  Middle  and  Upper  Y/eser 
during  lew  flow  conditions,  Ultiimte  canal ization  to  a project 
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depth  of  2.3  meters  is  contemplated,  but  information  is  not 
available  upon  progress  of  that  project.  The  Fulda  River  is 
theoretically  navigable  up  to  Kassel  by  650-ton  barges  (draw- 
ing about  1.9  meters  fully  loaded).  Reduced  loads  are  resorted 
to  during  low  stunner  stages.  Above  l&ssel,  the  Fulda  is  classi- 
fied as  navigable  by  small  barge3  as  far  upstream  as  Mecklar, 
but  carries  little  traffic.  Neither  the  Eder  nor  the  Diemel 
River  is  navigable.  Reference  is  made  to  Appendix  A for  detailed 
description  of  navigation  structures. 

b.  Highest  Navigable  Water.  The  river  stage  above  which  naviga- 
tion on  the  Weser  is  suspended  for  open  river  conditions  under 
peacetime  operation,  designated  as  Highest  Navigable  Yfeter 
(HSchY?),  is  tabulated  in  Appendix  A for  certain  critical  loca- 
tions. Those  tabulated  values  approximate  the  line  designated 
as  Mean  High  TCater  on  the  profile  of  Exhibit  5. 

c.  Ice . The  Y/eser  River  below  Bremerhaven  does  not  completely 
freeze  over,  nor  does  ice  ever  bank  up  in  that  part  of  the 
river.  Between  Bremerhaven  and  Branen  the  navigation  channels 
are  kept  open  with  ice  breakers  throughout  the  year.  The 
Middle  and  Upper  ^eser  River  experiences  ice  for  about  18  da/s 
between  25.  December  to  11  February  during  the  average  year  but 
shipping  is  not  usually  hindered.  Of  100  winters  on  the  Tfeser 
River,  54  had  no  ice  cover,  33  had  ice  cover  once,  10  had  ice 
cover  twice,  and  only  3 had  ice  cover  3 tiroes.  The  Fulda  River 
often  freezes  in  December  and  Janmiy  to  a thickness  of  0.4 
meters,  but  is  always  ice  free  by  the  end  of  March.  The  breakup 
of  ice  is  not  dangerous  except  at  the  confluence  of  the  Eder 
River. 

% 

2-08.  LOT-TTATER  REGULATION. 

a.  Until  recent  time3,  the  depths  of  the  Middle  and  Upper  Veser 
Rivers  were  too  shallow  to  permit  passage  of  barges  during 
periods  of  low  water.  As  part  of  an  extended  development  plan 
drawn  up  in  1896,  two  storage  reservoirs  were  constructed;  the 
Eder  Dam  in  1914  and  the  Diemel  Dam  in  1924.  The  purpose  of 
the  reservoirs  is* 

(l)  To  augment  the  flow  in  the  upper  reaches  of  the  TTeser 
River  during  lew  water  periods.  Approximately  18  m^/sec 
flow  is  available  from  the  two  reservoirs  to  augment  the 
low  water  discharge,  resulting  in  an  increase  in  stage 
of  about  0.35  m as  far  downstream  as  Mindai,  and  about 
0.15  ra  at  the  mouth  of  the  Aller  River. 
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(2)  To  replace  water  dram  from  the  'Yeser  to  feed  the 
Mitt e liar. d Canal, 

(3)  To  retain  excess  flood  water  in  order  to  reduce 
flood  stages  on  the  leser  River  * 

b.  Three  navigation  locks  and  dams  are  now  provided  to  further 
regulate  low  stages  at  Hameln,  Doerverden,  and  Hemelingen. 
Additional  structures  are  proposed  at:  Petershagen,  Schluesoel- 
burg,  Landesbergen,  Drakenburg,  an d Lan gwedel , Detailed 
information  is  lacking  upon  the  progress  of  the  project  subse- 
quent to  1935,  at  which  time  the  Drakenburg,  Petershagen,  and 
Langwedel  locks  were  in  preliminary  stages  of  construction. 

A number  of  navigation  locks  are  located  on  the  Fulda  River, 
and  several  snail  vrater  power  dams  arc  provided  or.  the  Eder 
and  Diomel  Rivers  to  regulate  low  water  flow. 

c.  Locations  of  tne  control  structures  are  indicated  on  the 
profiles  of  Exhibits  5 to  7,  inclusive,  and  detailed  descrip- 
tions are  contained  in  Appendix  A. 

2-09.  DAMS  AND  RESERVOIRS. 

a.  General . Descriptions  of  important  dams  on  the  V.reser  River 
and  its  tributaries  are  contained  in  Appendix  A,  and  loca- 
tions are  indicated  on  the  profiles  of  Exhibits  5,  6,  and  7. 

b.  Eder  River.  The  Eder  Dam  (Edertalsperre)  is  situated  on  the 
Eder  River  at  Hanfurth,  49*2  kilometers  above  the  confluence 
with  the  Fulda  River . It  is  a multiple  purpose  reservoir 
providing  storage  for  augmenting  low  flows  on  the  7e ser  River, 
for  control  of  floods  on  the  Fulda  and  'Veser  Rivers,  for  water 
supply  for  the  Mittelland  Canal,  and  for  power  generation. 
Reference  is  made  to  Appendixes  A and  C for  detailed  descrip- 
tion and  to  Exhibits  13  and  14  for  sketches  of  the  structure. 

The  following  pertinent  data  are  presented: 

Type  - Rubble  stone  mascniy  gravity  dam 
. Heigit  - 48  meters 
Total  length  - 400  meters 
Spillway  length  -»  152  meters 
Top  thickness  - 6 meters 
Base  thickness  - 35  meters 
Storage  capacity  - 202  million  cubic  meters 
Sluice  capacity  - 290  cubic  meters  per  second 

Associated  with  the  Eder  Dam  are  the  auxiliary  Peterskopf  punp— 
storage  reservoir  and  the  Affoldem  re-regulating  reservoir. 
Several  srmll  dams,  providing  pondage  for  operation  of  mills  and 
for  local  water  supply,  are  located  downstream  from  the  Eder  Dam. 
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o.  Plane!  River.  The  Dianel  Dam  (Diemeltalsperre)  is  located  on 
the  Dianel  River  near  Hclminghausen  85*3  kilometers  upstream 
from  the  confluence  with  the  Tfeser  River  at  Karlshafen.  To- 
gether with  the  Eder  Dam,  it  provides  for  lor.’  vster  regulation 
of  the  Tfeser  River,  as  well  as  for  power  generation.  Reference 
is  made  to  Appendix  A for  detailed  description  and  to  Exhibit 
15  for  cross-section  of  the  structure.  The  following  pertinent 
data  are  presented: 

Type  - Masonry  gravity  dam 

Height  - 41  meters 

Length  - 200  meters 

Top  thickness  - 7 meters 

Base  thickness  - 31  meters 

Storage  capacity  - 20  million  cubic  meters 

Associated  with  the  dianel  Dam  is  an  auxiliary  re-regulating 
reservoir  downstream  from  the  main  structure.  Several  small 
dams  for  mill  operation  and  local  water  supply  are  located 
below  the  Diemel  Dam, 

d,  Fulda  River,  Nine  locks  and  dams  are  located  on  the  Fulda 
River  between  the  mouth  of  the  Eder  River  and  the  junction 
of  the  Fulda  and  Yferra  Rivers  at  Hann  Muenden . The  dams 
provide  for  navigation  of  the  Fulda  River  and  for  operation 
of  mills  at  the  dam  sites.  Reference  is  made  to  Appendix  A 
for  detailed  descriptions  and  to  the  profiles  on  Exhibit  5 

'for  location  of  the  dams, 

e,  Tfeser  River,  At  the  present  tire,  locks  and  dams  at  Hameln, 
Doerverden,  and  Hone  linger,  provide  storage  for  power  generation 
and  irrigation  in  addition  to  the  primary  purpose  of  navigation* 
The  ultimate  plan  for  canalization  proposes  five  additional  looks 
and  dans  as  previously  discussed  in  paragraph  2-08b,  The  Hameln 
Dam  has  a fixed  crest  weir,  but  the  Doerverden  and  H one  ling  en 
Dams  have  movable  crests.  Normally,  the  Hemelingai  Tfeir  is 
operated  to  imintain  a stage  above  the  dan  of  4,50  mrlTR  during 
the  sanner  (16  March  to  14  Noverrfcer),  and  5,50  re-NN  during  the 
winter  (15  November  to  15  March),  Reference  is  node  to  Appen- 
dix A for  detailed  descriptions  of  the  existing  locks  and  dams, 

f,  Lelne  River,  Although  bqyond  the  scope  of  this  report,  data 
regarding  the  two  major  dams  located  on  tributaries  of  the 
Leine  River  are  included  as  a matter  of  information  for  possible 
future  consideration.  These  reservoirs  are  so  far  removed  from 
the  T-eser  that  floodwaves  originating  at  the  dams  would  be 
small  upon  reaching  the  Tfeser  River.  The  Oder  Valley  Dam  is 
Located  north  of  Bad  Lauterberg  on  the  Oder  River,  which  flows 
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Into  the  Rhone,  tributary  to  the  Leine  River  near  Northern* 
The  Soese  Valley  DBm  is  located  north  of  Osterode  on  the 
Soese  River,  like-wise  tributary  to  the  Rhone  River  near 
the  mouth  of  the  Oder  River.  Both  are  multiple  purpose 
reservoirs  providing  storage  for  flood  protection,  water 
supply,  power  generation,  and  flew  regulation.  Locations 
of  the  dams  are  shorn  on  Exhibit  2.  The  following  pertinent 
data  are  presented? 


Oder  Valley  Dam 

Type  - earth  dam  of  river  gravel 
Elevation,  crest  of  dam  - 363*00  nw-NN 
Elevation,  foot  of  dam  - 329.95  r»NN 
Maximnm  water  surface  - 381.10  m*NN 
Storage  capacity  - 30,6  million  cubic  meters 

Soese  Valley  Dan 

Type  - earth  dam  of  river  gravel 
Elevation,  crest  of  dam  - 328.50  im-NN 
Elevation,  foot  of  dam  - 279.10  rm-NN 
Maximun  water  surface  - 326.50  m*NN 
Storage  capacity  - 24.45  million  cubic  meters 

g.  Vfcwra  River.  Detailed  descriptions  of  the  navigation  and 
power  dams  located  on  the  7erra  River  are  not  presented  as 
they  are  considered  beyond  the  scope  of  this  report. 

h.  Other  Rivers.  Numerous  small  navigation  and  water  power 
dams  are  located  on  other  tributaries  of  the  "eser  Paver  but 
are  net  discussed  a3  they  are  considered  beyond  the  scope  of 
this  report, 

2-10.  LEVEES  AND  CANALS. 

a.  Levee3 ♦ The  banks  of  all  the  larger  rivers  of  the  ’’'eser 
System  are  protected  against  erosion  by  groins,  revetments 
and  training  walls  as  part  of  the  canalization  program. 

An  extensive  systan  of  dikes  and  levees  provides  local 
flood  protection  to  urban  and  agricultural  areas  along  the 
flood  plain.  Data  relative  to  the  most  important  levees 
along  the  P'eser  River  are  presented  cn  Exhibits  16  and  17. 

b.  Mittelland  Canal.  The  Mittelland  Canal  System  is  the  largest 
and  most  important  of  the  German  canals.  It  extends  from 
Duisberg  on  the  Rhine  River  to  Jfogdeburg  on  the  Elbe  River. 
The  course  is  shorn  on  Exhibit  2.  The  &ns-r7eser  portion  of 
the  Mittelland  Canal  crosses  over  the  Weser  River  at  Minden 
by  means  of  a canal  aqueduct.  Two  short  branches  connect  to 
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• the  TVeser  River  at  that  point  through  locks.  The  main  canal 
likewise  crosses  the  Loine  River  by  means  of  an  aqueduct; 
while  a branch,  provided  with  locks,  connects  the  river  and 
canal.  A diagramnstic  map  and  a profile  of  the  Mittelland 
Canal  are  presented  on  Exhibit  UB  and  standard  canal  cross- 
sections  are  shown  on  Exhibit  19* 

c.  Bruchhauscn-Syke  Canal.  At  Hcya,  the  -reser  River  is  connected 
to  the  Bruchhausen-Syke  (Meliorations  Kaupt)  irrigation  and 
drainage  canal  through  an  inlet  lock  constructed  in  the  ^Tcser 
dike.  The  lock  includes  three  openings,  each  of  3.3  meters 
clear  width.  A second  lock  is  located  on  the  Main  oanal  at 
Stapelshom,  8 kilometers  west  of  Hoya.  That  lock  has  a 
clear  width  of  12  meters  and  serves  to  dose  off  the  main 
canal  in  the  event  of  dike  failures  and  to  raise  the  canal 
water  level  for  irrigation  of  higher  situated  lands.  Seven 
side  canals  branch  from  the  main  canal  for  distribution  of 
irrigation  water. 

2-11,  BRIDGES.  Locations  and  clearances  (wherever  data  are  available) 
of  major  bridges  across  the  ^eser,  Fulda,  Eder  and  Diemel  Rivers 
are  indicated  on  the  profiles  of  Exhibits  5,  6,  and  7.  Tabulations 
of  pertinent  bridge  data  arc  presented  on  Exhibits  20  to  25, 
inclusive.  Reliable  infonration  upon  post-wir  bridge  reconstruc- 
tion and  modifications  subsequent  to  1945  is  not  presently 
available . 
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3-01.  GENERAL.  Inforimtion  regarding  flood  discharges,  stage  duration, 
observed  water  surface  profiles,  and  surface  velocities  of  the 
’t'feser  River  are  presented  in  generalized  graphical  form  insofar 
as  practical  in  order  to  facilitate  application  of  tne  data  to 
specific  military  problems.  References  cited  should  be  utilized 
for  supplementary  data, 

3-02,  -CLIM  TOLOGY . Annual  precipitation  in  Germany  ranges  from  35 
inches  in  the  west  to  24  inches  in  the  east,  with  a national 
yearly  average  of  26  inches.  The  greatest  precipitation  falls 
during  the  simmer . The  water  level  of  navigable  streams  fluctu- 
ates in  response  to  seasonal  and  regional  differences  in  rainfall. 
Low  water  interrupts  navigation  on  all  German  rivers,  while  high 
water  iray  at  times  give  rise  to  serious  floods.  Detailed  informa- 
tion is  contained  in  the  documents  listed  in  the  bibliography  as 
References  2 and  4» 

3-03.  STREAM  GAGING  STATIONS.  As  an  aid  to  navigation  and  to  provide 
data  necessary  for  hydrologic  purposes,  an  extensive  system  of 
gages  has  been  established  on  the  Y'cser  River  and  tributaries. 
Continuous  or  daily  records  are  maintained  at  the  more  important 
gaging  stations.  Stago-dis charge  relations  for  key  stations  on 
the  Fulda  and  TTeser  Rivers  are  presented  on  Exhibits  26,  27,  and 
28,  Locations  of  gages  of  primary  importance  are  indicated  on 
the  general  map,  Exhibit  2,  and  on  the  stream  profiles  of  Exhibits 
5,  6,  and  7. 

3-04.  STAGES  AND  DISCHARGES, 

a.  Stages.  Data  regarding  the  maxim vm,  mean,  and  minimvm  stages 
of  record  at  various  gaging  stations  on  the  Fulda  and  Weser 
Rivers  are  presented  by  months  on  Exhibits  29  to  32,  inclusive, 
together  with  data  pertaining  to  the  gaging  stations. 

Definitions  of  the  liydrologic  terms  and  abbreviations  as  pre- 
sented on  the  exhibits  and  as  commonly  used  in  European  litera- 
ture are  contained  on  Exhibit  1,  Reference  is  made  to  the  docu- 
ment listed  as  Reference  3 for  detailed  gage  and  stage  data, 

b.  Discharge  Rating  Curves.  Average  stage-dis charge  rating  curves 
for  11  key  stream-paging  stations  on  the  Y/eser  and  Fulda  Rivers 
are  presented  cn  Exhibits  26,  27,  and  28,  The  gage  zero  eleva- 
tions, river  kilometers  with  reference  to  Hann  Muenden,  mean 
water  stage,  1926  high  water  stage,  and  stage  of  artificial 
floods  analyzed  in  this  report  are  also  shovjn  on  the  exhibits. 
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c.  Discharge  Records,  Daily  discharge  records,  monthly  and  annual 
averages  and  other  pertinent  data  for  the  VTeser  River  and  tribu- 
taries are  contained  in  the  document  listed  as  Reference  3 in 
the  bibliography, 

d.  Seasonal  Variations  in  Flood  Stage,  The  maximum  and  minimum 

stages  recorded  during  each  month  of  the  year  at  key  stations 
on  the  Weser  River  are  shown  graphically  on  Exhibit  33*  In 
order  to  permit  convenient  comparison  of  relative  stages  in 
successive  months,  stages  equalled  or  exceeded  25,  50,  and  75 
percent  of  the  time,  respectively,  are  also  indicated  graphi— 
cally.  The  period  of  reoord  included  in  computations  covers 
the  10  -water  years  from  1926  through  1935*  16  may  be  observed 

that  the  magnitude  and  diration  c£  flood  stages  at  all  stations 
are  greatest  diring  the  winter  month  of  January.  The  range  of 
stages  during  the  winter  is  much  larger  than  during  the  summer 
months  * It  rray  be  noted  that  the  interquartile  range  (within 
the  25  to  75  percentage  lines)  becomes  increasingly  larger 

for  the  downstream  stations,  though  for  all  stations  is  like- 
wise generally  larger  during  the  winter  than  during  the  summer 
months • The  seasonal  operation  c£  the  Hamelingen  weir  is  re- 
flected in  the  graph  for  the  Intschedc  gage,  located  30,7  kilo- 
meters upstream  of  the  weir. 


e.-  Flood  Orest  Travel  Time.  Comparison  of  the  recorded  cresting 
tire  of  the  floods  of  January  1926,  Januaxy  1938,  and  February 
1946  indicates  an  average  rate  of  progression  of  cresting  time 
of  natural  floods  as  tabulated  below j 


Station 

Gunterhausen-Hann  Muendsi 
Hann  Muenden-Karlsliafen 
Ka rlshaf as-Hameln 
Hameln-Minden 
Minden-Nienturg 
Nienour  g-Hoya 
Hoya-Baden 


Average  Travel  Rate 
of  Peak  (lanAir) 

5.6 
5.5 

4.7 

3.7 
2.9 
2.2 
2.9 


3-0&  STREAM  VELOCITIES. 


a.  Tho  velocity  of  stream  floe:  varies  according  to  the  conformation 
. of  the  river  bottom,  depths,  obstructions  aril  restrictions,  local 
variation  in  slope,  etc.  Channel  improvements  and  cutoffs, 
training  walls  and  levees,  operation  of  dams,  and  other  man  made 
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modifications  of  natural  conditions  appreciably  affect  the 
velocities.  Influait  rivers  In  flood  tend  to  elevate  the 
rain  river  waters  at  the  point  <f  confluence  according  to  the 
magnitude  of  the  flood.  This  tends  to  reduce  the  slope  above 
and  increase  it  below  the  point  of  confluence.  Accordingly, 
correlations  between  liver  stage  at  gaging  stations  and  sur- 
face velocities  cannot  be  interpreted  as  applicable  to  all 
points  along  the  adjacent  river  sections,  but  only  as  general 
indications . 


b*  Available  information  regarding  velocities  at  various  points 
on  the  r.reser  River,  against  distance  from  Harn  Muendon,  between 
Hann  Muaiden  and  Bremen,  are  plotted  on  Exhibit  34.  Veloci+y 
profiles  are  shewn  on  this  exhibit  for  the  January  1926  high 
water  and  mean  water.  The  velocities  shown  represent  the 
estimated  average  surface  velocities  corresponding  to  the 
similar  water  surface  profiles  shown  on  Exhibit  5.  Surface 
velocities  were  derived  from  crest  stage  and  discharge  records 
and  cross-sccticnai  areas  at  various  typical  locations.  The 
deduced  mean  velocities  were  multiplied  by  1.18  to  obtain 
corresponding  surface  velocities.  As  stated  above,  it  is  to 
be  expected  that  velocities  greater  or  less  than  general  values 
indicated  by  the  velocity  profiles  ray  be  expected  at  various 
points  because  of  local  channel  and  slope  variations.  Follow- 
ing are  tabulated  mean  surface  velocities  at  certain  key  loca- 
tions taken  from  the  profiles  on  Exhibit  34t 


Location 

River 

km. 

Hilwartshaus  en 

3.6 

K&rlshafen 

44.6 

Bodenwerder 

110.8 

Hameln 

335.6 

Mindai 

203.2 

N ienbupg 

267.7 

Hoya 

298.9 

Intschede 

331.2 

Syr.-facg  _YsXpcj,Ue3  (Xt/gegl 
Mean  Tfater 1926  High  Water 


3.3 

5.5 

2.1 

6.3 

3.2 

7.9 

1.9 

6.2 

2.9 

8.9 

3.1 

6.7 

2.5 

7.3 

2.0 

6.3 
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ARTIFICIAL  FLOCD  POTENTIALITIES 


4-01.  GENERAL. 

a.  The  tem  *artincial  flood"  a3  used  in  this  report  applies  to 
any  major  increase  in  the  extent  of  flooding,  over  that  non- 
irslly  prevailing  with  existing  developments,  that  is  brought 
about  by  manipulation  of  control  structures,  breaching  of 
dams  or  levees,  or  temporary  danrning  operations  designed  to 
create  flooding  conditions . The  following  three  types. of  flood- 
ing were  considered  in  this  report: 

(1)  Still-water  barriers,  or  drainage  obstacles.  In  certain 
areas  of  flat  topography,  "still-water  barriers"  may  be 
created  by  flooding  land  to  form  water  obstacles  or  to 
reduce  traff  inability  by  a dn  it  ting  the  water  to  the 
land  through  gates  of  canals,  breaches  in  levees,  or 

by  similar  means. 

(2)  Streamflow  variations,  in  vhich  sudden  changes  in  dis- 
charges, depths,  velocities,  widths  of  streams  are 
brought  about  to  increase  difficulties  of  stream  cross- 
ing operations,  such  as  might  be  accmplished  by  open- 
ing and  closing  large  flood  gates  intermittently  to 
create  cyclical  flood  waves  for  limited  distances 

darn  stream. 

(3)  fell  or  flood  TsrcSf  which  say  be  caused  by  the  sudden 
breaching  of  a high  dam  to  release  large  quantities 
of  impounded  water. 

• f 

b.  Many  opportunities  exist  for  the  effective  use  of  the  above 
three  types  of  artificial  flooding  in  the  ’’feser  River  basin, 
and  all  three  methods  should  be  fully  considered  in  the 
planning  of  military  operations , This  report  deals  prin- 
cipally rith  a "major  flood  wave"  caused  by  breaching  the 
Eder  Dam;  however,  certain  quantitative  evaluations  of  the 
effects  of  breaching  the  Diemel  Dam  and  controlled  nen  ip  illa- 
tion of  the  re  gala  ting  gates  of  the  Eder  and  Dianel  Dams  are 
also  presented.  The  following  paragraphs  also  review  the 
possibilities  of  creating  "still-water  barriers,"  "streamflow 
variations*  and  "najor  flood  waves*  on  the  main  stem  of  the 
Weser  River,  and  present  certain  data  regarding  the  nan  ip  illa- 
tion of  the  regulating  gates  or  demolition  of  existing  dam.1; 
and  csnals  on  the  Fulda  and  Weser  Rivers. 
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4-02.  ARTIFICIAL  WOODING  POTENTIALITIES  OF  NAVIGATION  DANS  LOCATED  ai 
THE  FUIDA  AND  "rESER  RIVERS. 


a.  General,  'The  studies  reviewed  in  this  paragraph  pertain  to 
' the  use  of  the  navigation  dams  and  levees  on  the  Fulda  and 

vIc ser  Rivers  to  create  artificial  flooding.  A large  part 
of  the  information  summarized  hereinafter  is  obtained  from 
Reference  5*  Reference  is  also  made  to  Appendix  A for  more 
detailed  irfonration. 

b.  Means  of  Creating  Artificial  Flooding.  The  navigation  dams, 
levees  and  bridges  on  the  Fulda  and  TCesor  Rivers  provide  at 
least  five  methods  by  which  artificial  flooding  could  be 
created  to  make  the  7eser  River  a m >re  effective  military 
barrier : 

(1)  Flood  waves  created  by  demolition  of  navigation  dams. 

(2)  Flood  waves  created  by  regulation  of  centre  1 gates  of 
navigation  dams, 

(3)  Inundation  -if  lcvr  lands  by  raising  crest  gates  of  navi- 
gation dams  to  rraximun  height. 

(4)  Inundation  of  lowlands  by  installation  of  auxiliary 
barriers  at  key  points  such  as  bridges. 

(5)  Inundation  cf  lowlands  by  breaching  dikes  and  levees, 

c.  Utilization  of  Navigation  Structures  on  the  Fulda  and  feser 
Rivers  for  Military  Purposes. 

(1)  By  raising  the  gates  of  the  Hcrsfeld  Fulda  7eir  located 
at  the  confluence  of  the  Fulda  and  Haune  Rivers,  ap- 
pro xLrmtely  30  centimeters  and  closing  the  gates  at  the 
power  plant  and  Haune-Bingartes  Mill,  water  can  be 
diverted  through  the  irrigation  facilities  at  Hauno- 
Muehlengraben  and  c^jise  flooding  of  approximately  3/4 
square  kilometers  of  valley.  By  rapidly  opening  the 
gates  at  the  weir  and  releasing  approximately  135,000 

m3  of  water,  an  abrupt  wave  can  be  reloased.  This  could 
be  repeated  approximately  every  3 hours  which  is  the 
time  required  to  refill  the  storage  pool  at  medium  flow, 

(2)  By  use  «:<f  the  roller  dam  at  Kassel  (km  15*5),  the  flood 
plain  upstream  on  the  right  bank  below  the  railroad 
bridge  at  "raldkappele  (km  80)  and  Karlsaue  can  be 
tonporarily  flooded  at  medi^jn  flow  (MLr)»  Overbank 
flooding  occurs  at  •'•4.00  m on  the  gage  at  Gunterhausen 
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(15  kilometers  above  Kassel).  This  corresponds 
to  a discharge  of  470  ra3/sec. 

(3)  Since  the  dam  at  Haroeln  (km  135.3)  has  a fixed  crest, 
raising  of  the  upper  pool  is  not  practical,  Ho  mill 
tary  vise  could  be  made  of  the  Hamel n weir. 

(4)  By  completely  closing  the  gates  of  the  Doerverden  *.'/eir 
(km  308.3)  the  pool  stage  can  be  raised  0.50  meters 
over  the  noimal  stage  of  NN+ 15*10  meters*  This  would 
cause  flooding  of  the  valley  within  the  winter  dikes 
up  to  Hoya  (km  300)  with  resultant  damage  to  agricul- 
tural land.  An  abrupt  nave  can  be  created  by  completely 
opening  the  gates.  This  can  be  repeated  every  2 or  3 
days  by  completely  shutting  off  the  power  station  and 
navigation. 

(5)  Through  the  complete  closing  of  the  Hemelingen  'Voir 
(km  362.0)  above  Bremen,  the  valley  within  the  dikes 
can  be  flooded  to. thin  an  area  of  atnut  30  square  kilo- 
meters, bounded  by  Hamel  ingen,  Mahndorf,  Dreye  and 
Bollen.  The  breaching  of  dikes  at  high  tvater  is  paj>- 
ticularly  effective  on  the  left  bank  above  Habenhausen 
(kilometer  360.0)  up  to  Dreye.  This  would  flood  an 
additional  area  of  about  20  square  kilometers  in  the 
Oohtvm  Depression  between  Brinkvm,  Arsten  and  Bremen- 
Neuenlande,  The  flooded  area  would  be  about  10  kilo- 
meters in  length  and  the  operation  v/ould  require 
approximately  one  week  with  a continuous  flow  of  100 
mp/sec  passing  through  the  dike  sections.  By  raising 
the  gates  during  th  e winter  and  shutting  down  the  tur- 
bines, the  pool  can.be  raised  to  6.20ro*NN,  This  causes 
flooding  of  the  banks  of  the  upper  pool  and  creates  a 
considerable  obstacle. 

(6)  The  release  of  a large  volvrre  of  water  from  the  Hemelingen 
Weir  to  create  an  abrupt  flood  wave  would  disrupt  naviga- 
tion upstream,  shut  down  the  power  plant,  and  would  cause 
minor  damage  to  the  river  banks  and  the  city  of  Bremen 
Iirmedia tely  dom,  stream.  Below  Bremen,  hovrever,  the  wave 
would  not  be  effective  because  it  enters  a wide  channel 
which  is  subject  to  tidewater. 

(7)  In  the  lrwer  'reser  (below  Bremen)  it  is  possible  to 
flood  the  large  marsh  and  depression  regions  to  varying 
degrees  by  breaching  the  dikes.  The  depth  of  flood- 
ing will  depend  particularly  on  the  difference  in  eleva- 
tion betvreen  the  mean  water  stage  (see  profile,  Stfiibit 
5)  and  the  elevation  of  the  adjoining  terrain.  Factors 

- 18  - 


CONFIDENTIAL 


4-02  c 


CONFIDENTIAL 


affecting  the  stage  are  the  losses  from  storage  in 
culverts,  ditches,  and  sluices;  also  seepage  and 
evaporation.  The  tenpjraiy  drop  of  high  tide  stages 
due  to  east  vrinds  is  also  important  to  consider. 
Reverse  effects  occur  from  runoff  of  the  uplands 
which  flow  into  the  depressions,  particularly  in  the 
winter  time.  Considering  all  the  circumstances,  the 
depressions  gene  rally  can  be  filled  approximately  50 
centimeters  below  the  existing  stage  in  the  river. 
Several  days  will  be  required  to  produce  effective 
flooding  uf  the  area  either  by  opening  the  flood  gates 
or  breaching  the  dikes, 

4-03,  ARTIFICIAL  FLOODING  POTENTIALITIES  OF  CANALS. 

a.  General.  Reference  is  made  to  paragraph  2-10  and  to  the 
document  listed  in  bibliography  as  Reference  2 f_r  a de- 
tailed description  of  the  canals. 

b.  Mit  tel  land  Canal, 

(l)  Danolition  of  the  Mittelland  Canal  (Ems  eser-V/eser 
Elbe)  aqueduct  at  Minden  wuld  empty  the  water  stored 
in  the  canal  (appre  ximtely  17  million  rrP)  into  the 
"eser  River,  provided  the  canal  safety  gates  were 
raised  (see  Exhibit  18).  The  rate  of  flow  from  the 
canal,  however,  would  be  so  3low  that  this  operation 
would  not  create  an  effective  artificial  flood  on  the 
’Teser  River  below  linden.  Appro xinately  5 million  n? 
w uld  be  discharged  in  48  hours,  and  several  weeks 
would  be  required  tc  drain  the  remaining  water  in 
storage.  The  rate  of  discharge  is  indicated  in  the 
tabulation  below* 


Average  Discharge 
mVsoc 

Start  End 

of  Discharge' 
Hour  Hour 

Duration 

hours 

150 

0 

0.5 

0.5 

100 

0.5 

2.0 

1.5 

50 

2.0 

7.0 

5.0 

35 

7.0 

15.0 

8.0 

25 

15.0 

30.0 

15.0 

15 

. 30.0 

48,0 

18.0 

(2)  The  water  in  the  canal  could  also  be  diverted  into 

tributari&e  of  the  Treser  River,  Breaching  the  canal 
where  it  crosses  the  Aue,  A'eser,  Leine,  Oker  and  Allcr 
Rivers  (see  General  Map  Exhibit  2)  w-uld  drain  it  more 
quickly  than  demolition  of  the  aqueduct.  Ihe  water 
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would  eventually  flow  into  the  -reser  below  the  mouth 
of  the  Aller  River;  however,  there  would  be  no  appre- 
ciable flooding  on  the  tributaries  and  there  would  be 
no  appreciable  increase  in  stage  on  the  rteser  River. 

c.  Dru chhausen-Syke  Canal.  Preliminary  investigation  indicated 
that  it  might  be  possible  to  divert  part  of  the  flow  of  the 
^Teser  River  into  the  Ochtun  Depression  area  through  the  Bm ch- 
hausen-Syke irrigation  canal  at  Hoya  >y  raising  the  Doerverden 
^eir  gates  and  opening  the  canal  gates.  This  fL.  'ding  cpereu- 
tion  will  be  quite  slow  since  the  oapacity  of  the  canal  is 
relatively  small.  V'ith  a carefully  irneoived  plan,  it  is 
estimated  that  it  would  require  from  two  to  three  weeks, 
depending  upon  the  flew  diverted  from  the  1?eser,  to  accom- 
plish a successful  flooding  operation.  Further  detailed  in- 
vestigation may  shw:  that  this  diversion  operation  might  be 
done  ro»re  effectively  ty  construction  of  temporary  Harriers 
at  certain  points  on  tha  "eser  River;  for  example,  one  of 
the  two  bridges  at  Hoya,  The  latter  study  is  considered 
beyond  the  scope  of  this  report. 

4-04.  ARTIFICIAL  FLOODIN}  POTENTIALITIES  OF  DAf£3  LOCATED  CN  THE  HEAD- 
RATERS, 


a.  General. 

(1)  The  studies  reviewed  In  this  paragraph  pertain  to 
the  artificial  flooding  effects  that  might  be  pro- 
duced by  regulation  or  breaching  of  the  Eder  and 
Diemel  Dams . 

(2)  The  bombing  of  the  Mcdhne,  Sorpe  and  Eder  Dams  by 
the  R.A.7.,  in  May  1943  pruvides  the  basis  for 
estimating  the  size  and  shape  of  breach  that  could 
be  made  by  donolition.  For  a detailed  description 
of  the  results  of  the  attack,  reference  is  made 

to  the  d cument  listed  as  Reference  6 in  the  bibli- 
ography, a translation  is  inclosed  as  Appendix  C 

of  this  report. 

* 

(3)  Since  both  the  Eder  and  Diemel  Dams  are  gravity, 
rubble— mason  ly  structures,  and  have  approximately 
the  sane  height  and  thickness  (see  paragraph  2-09 
for  description),  it  was  assaned  that  demolition 
would  cause  a breach  in  the  Dionel  Dam  similar  to 
tb y oat  in  the  Eder  Dam;  therefore,  the  reference 
nunbers  assigned  to  the  various  size  breaches  des- 
cribed in  this  paragraph  apply  to  both  dams, 
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The  information  sunrmrized  hereinafter  that  pertains 
to  gate  regulation  of  the  two  reservoirs  has  been  ob- 
tained firtm  Reference  5»  Observed  stages  and  discharges 
of  the  flood  wave  created  by  the  May  1943  breaching  are 
firm  Reference  1. 

b*  Hydrologic  Considerations* 

(1)  The  natural  discharge  of  the  Fulda  and  '.Yeser  Rivers 
norrBlly  is  ncjt  disturbed  by  operation  of  the  dams 
for  power , because  of  the  ro- regulation  pools  irmedi- 
ately  below  the  Eder  and  Diemel  Dams,  During  lew  flow 
periods,  h wever,  navigable  stages  are  maintained  by 
releasing  the  water  from  storage  in  the  two  rescrvdrs. 

(2)  The  hydrologic  conditions,  discussed  in  the  following 
paragraphs,  that  influence  possible  artificial  flood- 
ing are  initial  reservoir  pool  level  and  base  flow, 

c,  Means  of  Creating  Artificial  Flood  Tfaves,  The  Eder  and 
Diemel  Reservoirs  each  provide  twn  methods  by  which  artifi- 
cial flo  ;d  waves  oould  be  created  to  increase  the  effective- 
ness of  the  'Tescr  River  a3  a military  obstacle: 

(1)  Breaching  the  Eder  Dam  would  cause  the  greatest  possible 
artificial  flood  on  the  Eder  and  "Yeser  iiivers.  The 
greatest  artificial  flood  on  the  Diemel  River  likevd.se 
would  be  caused  by  breaching  the  Diemel  Dam.  The  latter 
flood  could  be  used  to  support  the  flood  wave  from  the 
Eder  when  it  reached  the  confluence  of  the  Diemel  and 
Tfoser  Rivers  at  Khrlshafcn , 

(2)  By  alternately  opening  and  closing  the  control  gates  of 
the  two  dams,  a scries  of  lesser  flood  waves  could  be 
sent  down  the  Eder  and  Diemel  Rivers,  The  nurber  of 
days  that  cyclic  waves  could  be  generated  would  depend 
chiefly  upon  the  quantity  of  water  stored  in  the  reser- 
voirs at  the  time.  As  in  the  case  of  breaching,  the 
flood  waves  from  the  Diemel  Dam  could  support  the  flood 
waves  from  the  Eder, 

d.  Effects  cf  Breaohlng  the  Eder  and  Diemel  River  Dams, 

(1)  Breaching  Operations. 

Breaching  operation  No,  1 was  assvmed  to  be  the  same  as 
the  actual  breach  caused  by  the  bombing  attack  of  May  1943* 
Available  information  gives  only  approximate  dimensions 
of  the  opening.  Exhibit  13  shows  the  repair  line  after 
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the  breach  was  closed.  The  repair  line  is  probably 
larger  than  the  original  breach  becaice  loose  and 
broken  sections  had  t-^  be  roneved  during  reconstruction. 

The  discharge  capacities  of  varir/usly  shaped  breaches 
were  compared  with  observed  data  for  reservoir  draw-down 
after  breaching.  The  estinated  control  section  of  the 
opening  is  indicated  by  a broken  line  on  Exhibits  13  and  14. 
Breaching  Operation  No.  2 was  asswied  to  be  two  openings, 
each  cf  Yfoich  were  the  same  as  Breach  No.  1,  or  an  equiva- 
lent opening  having  twice  the  capacity  of  Breach  No,  1, 

Breaching  Operation  No.  3.  In  order  to  reduce  overbank 
losses  in  the  headwater  areas,  a disetetrge  hydrograph 
was  computed  for  an  opening  made  by  progressive  breaching 
in  the  following  manner: 

(a)  Initial  Broach  to  give  ono-half  the  discharge  of 
Breach  No.  1 (4000  nP/ s) 

(t)  Followed  by  second  breach  same  a3  (a)  when  dis- 
charge recedes  t<'  2000  itP/s 

(c)  Followed  by  third  breach  same  as  Breach  No.  1 at 
time  when  the  three  breaches  will  discharge  a 
total  of  4000  nP/s 

(2)  The  breach-ratine  curves  for  Breaching  Operations  Nos. 

1,  2,  and  3 are  shown  on  Exhibit  35. 

(3)  The  reservoir  stores  ■ curve  for  the  Eder  Dam  is  from 
Reference  1 and  is  show  on  Exhibit  No.  35.  A storage 
curve  for  the  Diemel  Reservoir  was  not  available.  The 
curve  shown  on  Exhibit  35  was  developed  by  the  method 
presented  in  "A  Progress  Repcrt  on  the  Disposition  of 
Sediment  in  Reservoirs"  by  A.  7.r.  Van’t.  Hul,  (See 
Reference  7) 

The  equation  of  the  computed  storage  curve  for  the 
Diemel  Dam  id: 


S - 945  h2*82 

where  S - storage  in  cubic  meters 

h a reservoir  depth  in  meters 
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(4)  Artificial  Floti  No,  1 is  the  flood  wave  on  the  Eder  and 
“reser  Rivers  caused  by  Breaching  Operation  No.  1 in  Eder 
Dam,  and  is  shown  on  Exhibits  36,  37,  and  38  • The  out- 
flow hydro  graph  at  the  dam  was  computed  from  the  storage- 
discharge  relationship  and  routed  downstream  to  the 
mouth  of  the  Eder  (Quntcrhausen  gage).  The  peak  dis- 
charge of  8500  nr /sec  at  the  dam  is  reduced  to  2450 
m3 /sec  at  Gmterhausen,  Estimated  surface  velocities  at 
various  stations  on  the  T/eser  River  resulting  firm  the 
breaching  of  May  1943  are  tabulated  below.  For  compari- 
son with  the  surface  velocities  for  mean  water  (M7) 
and  the  1926  flood,  reference  is  made  to  paragraph 
3-05b  and  to  Exhibit  34. 


Location 

Hilwa  rtshausen 

K&rlshafen 

Bodenwerder 

Hameln 

Minden 

Nimburg 

Hoya 

Intschede 


Surface  Velocities  (ft/sec) 

7.0 

7.2 

7.9 

5.9 
6,7 
3.6 

4.2 

3.0 


(5)  Artificial  Flood  No.  2 hydro  graph  results  from  Breach- 
ing Operations  No.  1 in  the  Dicmel  Dam  and  is  shown  on 
Exhibit  39.  The  peak  discharge  is  reduced  fixjm 

8500  m3/sec  it  the  dam  to  480  m3/sec  at  the  mouth 
(Karlshafen  gage).  Since  this  flood  has  only  one~t<nth 
the  volume  of  that  of  the  Eder,  the  peak  reduction 
takes  place  at  a greater  rate  than  for  the  Eder  flood, 

(6)  Artificial  Flood  No,  3 is  caused  by  Breaching  Operation 
No,  2. in  the  Eder  Dam.  The  peak  discharge  decreases 
from  17000  m3/sec  at  the  dam  to  3200  m3/sec  at  Gunter- 
hausen.  (See  Exhibit  36) 

(7)  Artificial  Flood  No.  4 is  the  flcod  wave  on  the  Dicmel 
River  that  results  from  Breaching  Operation  No.  2 in 
the  Diemel  Dam.  (See  Exhibit  39)  The  peak  discharge 
is  reduced  frem  17000  m3 /sec  at  the  dam  to  500  m3/sec 
at  the  mouth  (Karlshafen ) . 

(8)  Artificial  Flood  No,  5 would  be  created  by  Breaching 
Operation  No.  3 (progressive  breaching)  in  Eder  Dam. 

The  hydrograph  at  the  Eder  Dam  (see  Ejhibit  36),  has 
three  peaks  of  4000  m3/scc  each  about  5 hours  apart 
and  is  reduced  to  a single  peak  of  2200  m3 /sec  16  hours 
after  tine  of  demolition.  • Since  the  peak  of  this  flood 


- 23  - 


CONFIDENTIAL 


4-C4d 


CONFIDENTIAL 


is  lower  and  later  than  that  of  Floods  1 and  3,  the 
flood  hydrograph  resulting  fran  Breach  No.  3 at  the 
Diemel  Dan  was  not  developed, 

(9)  Artificial  Flood  No.  6 is  created  by  the  simultaneous 
breaching  of  both  dans,  ising  Breaching  Operation  No.  2 
at  the  Eder  Lam  and  Breadiing  Operation  No.  1 at  the 
Dianel  Dam,  The  effects  On  the  Eder  and  Diemel  basins 
are  the  same  as  Flood  No.  1 on  the  Eder  River  and 
Flood  No.  2 on  the  Diemel  River.  The  increase  in  dis- 
charge at  key  stations  on  the  Feser  River  ever  that  of 
Flood  1 are  indicated  on  Exhibit  40. 

(10)  Comparison  of  Artificial  Floods.  The  stages,  discharges 
and  travel  times  for  Floods  1 through  6,  inclusive,  are 
tabulated  cr.  Exhibit  40. 

(11)  Effect  of  N on-synchronous  Breaching.  It  is  tc  be  noted 
in  considering  Floods  2,  3 and  4 on  Exhibit  39  that, 
assuming  simultaneous  breaching  of  both  dams,  the  Diemel 
hydnograph  peaks  at  Karlshafen  approximately  12  hours 
before  the  Eder  hydrograph.  If  the  Dianol  breaching 
occurs  9 to  15  hours  after  the  Eder  breaching,  the  peaks 
rd.ll  combine  at  Karlshafon  producing  a peak  flow  of 
2900  m3 /sec,  which  is  an  increase  of450  m3/sec  over  that 

Flood  2 at  Karlshafen  (2900  m3  /sec-2450  m3 /sec). 

e.  Effects  af  Gate  Regulation  of  Eder  and  Dianel  River  Dams. 

(1)  The  main  outlet  works  of  Eder  Dam  are  designed  to  dis- 
charge a rraxdmm  of  230  m3  /sec.  Since  the  lo7/er  Eder 
overflows  the  banks  at  190  m3/sec,  it  is  possible  to 
create  floods  by  gate  operation.  Fhen  the  reservoir 
is  full,  the  maximum  discharge  of  230  m3/sec  would  de- 
crease to  190  n3/sed  in  6 days.  To  sustain  a flow  of 
190  m3/sec,  it  is  necessary  to  maintain  the  reservoir 
pool  at  elevation  233  n>NN. 

In  order  to  release  230  m3/sec,  all  6 low  level  outlets 
at  the  right  side  of  the  dam  must  be  opened  and  all  six 
turbines  must  run  at  full  gate  opening.  In  addition  all 
gates  of  the  Affoldcm  ’..'cir  must  be  raised  simultaneously. 

In  order  to  release  more  than  230  m3 /sec,  the  emergency 
outlets  located  at  the  upper  third  point  of  the  dam  can 
be  opened.  This  will  increase  the  flo’.v  to  290  m3 /sec, 
which  will  gradvBlly  diminish  to  190  m3/sec  in  5 days, 

A large  release  from  Eder  Dam  was  experimentally  tested 
in  1929.  This  release  had  a base  of  84  hours  (24  hours 
rise,  24  hours  uniform  flow  of  60  m3/sec  and  a 36-hour 
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recession)  which  was  used  to  refloat  a nurrber  of  vessels* 
The  effects  of  this  rave  are  given  as  follows* 


Dam  Hann  Mucndai 

Hameln  Hinden 

Hova 

Distance  from 
Dam  in  km 

0 90 

225 

295 

389 

Travel  tine  of 
the  crest,  hours  0 22 

52 

60 

76-1/2 

Duration  of  wave 
in  hours  from 
start  of  rise 
to  full  reces- 
sion 

84  88-1/2 

81-1/2  84 

87-1/2 

Rise  in  cm 

— 60 

50 

40 

20 

In  the  above  case,  the  effect  of  the  wave  depends  also 
on  the  base  flow  of  the  7/eser.  The  velocity  of  the 
wave  will  increase  with  increase  in  base  flow. 

Extreme  flooding  on  the  Fulda  occurs  at  a flow  of 
470  np/sec,  In  order  to  cause  such  a flow,  the  230 
m3 /sec  release  from  the  Eder  would  have  to  be  made  at 
a time  when  the  Fulda  was  carrying  a flow  of  at  least 
240  m3/3ec  which  occurs  greater  than  2 percent  of  the 
time.  At  W.7  flow  on  the  Fulda  050  m3/ sec)  a release 
of  230  m3 /sec,  however,  would  cause  a considerably 
higi  stage. 

The  Affoldem  Re-regulating  reservoir  (capacity  3*8 
million  m3)  can  be  used  by  itself  when  the  Eder  lake 
is  1 m to  create  a very  effective  flood  wave  of  900 
m3/sec  for  a short  duration,  ’.Then  storage  is  avail- 
able in  the  Eder  Reservoir,  the  operation  can  be  re- 
peated by  refilling  the  Affoldem  Reservoir, 

(2)  By  means  of  low  level  outlets,  is  is  possible  to  re- 
lease 60  m3/sec  from  the  Diemel  Dam,  This  could  be 
used  to  support  a simultaneous  release  from  Eder  Dam, 
The  right  outlet  of  Dianel  Dam  can  be  opened  without 
difficulty.  The  left  outlet,  however,  is  normally 
looted  and  is  more  difficult  to  open.  During  this 
operation,  the  turbine  penstocks  should  be  closed. 

The  Dianel  River  overflows  at  a discharge  of  12 
m3/scc  so  that  by  releases  from  the  dam  flood  waves 
could  be  produced  and  maintained  for  a period  of  timo 
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depending  on  the  77a ter  in  storage.  By  a sudden  release 
from  the  re- regulating  reservoir  a flow  of  114  m3/sec 
can  be  obtained  causing  a flood  wave  of  short  duration* 

f . Conclnoicna. 

The  following  conclusions  are  derived  from  this  investigation: 

(1)  The  May  1943  breaching  of  the  Eder  Dam  caused  major 
destruction  in  the  Eder  Valley.  The  flood  wave  washed 
out  the  retaining  dike  of  the  re- regulating  pool  and 
heavily  damaged  the  power  stations  at  Hemforth  and 
Affoldem.  The  locks  of  seven  of  the  dams  on  the 
Fulda  between  Gunterhausen  and  Hann  Muenden  were 
silted  in,  and  the  weirs  and  gates  severely  darraged. 

The  flood  wave  caused  extreme  s coloring  immediately 
below  the  dam  and  shoals  were  formed  by  the  sediment 
movement  as  far  downstream  as  Hann  Muenden.  It  was 
then  necessaiy  to  ranove  these  shoals  by  dredging  be- 
fore navigation  could  be  resumed  on  the  Fulda  and 
Vfeser  Rivers,  The  dikes  on  the  upper  Vfeser  and  Fulda 
Rivers  were  also  severely  damaged.  The  surface  velo- 
cities of  Flood  No.  1 below  Hann  Kfuenden  to  Honelingen 
lieir  are  indicated  on  Exhibit  34. 

(2)  Artificial  Floods  1,  3 and  6 would  destroy  or  damage 
most  bridges  on  the  Eder  River  down  to  the  vicinity 
of  Gensungai  (35,0  kilometers  below  dam).  From  Gen- 
sungen  to  the  mouth  of  the  Eder  no  certain  estimate  can 
be  given.  On  the  Fulda  River  below  the  mouth  of  the 
Eder,  bridges  down  to  the  vicinity  of  Kassel  may  be 
damaged  (espe dally  from  Artificial  Flood  No.  3),  Be- 
low Kassel,  bridge  damage  would  probably  be  slight,  but 
some  foundations  might  be  weakened  by  scouring  action. 

An  estimite  of  danage  to  bridges  on  the  Eder  River  as  a 
result  of  breaching  the  Eder  Dam  are  indicated  in  the 
following  tabulation: 
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Kin  from 
Eder  Dam 

Name  and 
Location 

Type 

Remarks 

2.0 

Hesnfurth 

Road 

completely  destroyed 

2.3 

Hemfurth 

Railroad 

Completely  destroyed 

6.5 

Affoldem 

Road 

Completely  destroyed 

7.0 

Mehlen 

(Affoldem) 

Road 

Completely  destroyed 

9.0 

Bergheim 

Iailroad 

Completely  destroyed 

10.0 

Bergheim 

PoP.d 

Comoletely  destroyed 

12.0 

Anraff 

Road 

Probably  damaged 

14.0 

L'ega 

Read 

Completely  destroyed 

16.0 

Mandem 

Road 

Damaged  & approaches 
destroyed 

22.0 

Fritzlar 

Road 

Probably  damaged  & 
approaches  flooded 

25.0 

Obermoellrich 

Road 

Completely  destroyed 

28.0 

Niedermoellri ch 

Road 

Probably  slightly  damaged 

29.8 

Lohre 

Road 

Probably  slightly  dairaged 

35.9 

Oensungai 

Read 

Probably  slightly  darmged 

(3)  Oi  the  Diorael  River,  no  certain  estinate  can  be  given, 
but  the  bridges  within  20  kilometers  of  the  dam  would 
probably  be  destroyed  or  damaged  by  Flood  Nos.  2 or  4* 
Below  this  point  to  the  mouth,  scouring  would  weaken 
30 me  bridge  foundations. 

(4)  Artificial  Flood  No.  6 would  produce  the  naximun  darraging 
effect  of  the  floods  considered.  Larger  breaches  which 
would  ocrrpletely  demolish  the  Eder  and  Dicmel  Dams  would 
not  cause  stages  appreciably  higher  than  Artificial 
Flood  No,  6 (si  the  vreser  River  below  Mindaa. 
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(5)  The  elevation  of  the-  reservoir  pool  at  the  time  of  dono- 
liticn  Trill  have  a direct  bearing  on  ihe  rate  of  dis- 
charge of  the  vrater  through  the  breach*  This  relation- 
ship is  shorn  by  the  rating  curve  on  Ejdiibit  35*  For 
example,  at  the  time  of  the  May  1943  attack,  the  Eder 
Reservoir  was  at  elevation  244  rm-NN,  and  the  peak  rate 
of  flow  through  the  breach  (No.  1)  was  8500  rrv/sec.  If 
the  pool  had  been,  at  say,  elevation  235  m*NN,  the  peak 
of  the  outflow  hydro  graph  with  the  same  size  breach 
would  have  been  2100  m^/sec  and  the  effect  downstream 
would  have  been  reduced  accordingly.  The  storage 
available  in  the  two  reservoirs  is  dependent  upon  the 
time  of  the  year.  In  general,  the  reservoirs  are 
replenished  during  the  winter  and  spring  months  until 
filled  in  May,  and  then  drawn  down  during  the  surmer. 

Tt  is  to  be  noted  that  the  Eder  Dam  was  bombed  in  May 
Then  the  reservoir  pool  was  one  meter  below  the  spill- 
way crest. 

(6)  The  amount  of  flooding  to  be  expected  in  the  rivers 
downstream  from  Eder  Dam  depends  upon  the  flow  of  water, 
or  base  flow,  existing  at  the  time  prior  to  the  flood 
wave.  To  find  the  stage  to  be  expected  from  an  artifi- 
cial flow'd  whm  the  river  at  a key  station  is  at  a 
given  stage,  reference  is  made  to  Exhibits  26,  27,  28, 
and  40.  Add  the  difference  in  the  base  flows  between 
that  indicated  on  Exhibit  40  and  the  flow  for  the  given 
stage  to  the  peak  discharge  of  the  flood  shown  on 
Exhibit  40.  Having  determined  the  new  peak  discharge, 
determine  the  new  stage  from  the  rating  curve  for  the 
station  in  question. 

(7)  The  levees  and  navigation  dams  on  the  'Teser  River  can 
be  utilized  to  increase  the  effectiveness  of  artifi- 
cial floods  caused  by  breaching  Eder  Dam.  The  eleva- 
tions, widths,  and  time  of  overbank  flooding  for  Flood 
No,  1 are  tabulated  in  Exhibit  41  for  2 conditions; 
levees  intact  and  levees  breached.  Consideration  was 
also  given  t the  effect  of  the  Boerverden  and  Hem©- 
lingen  weir  gates  in  both  lowered  and  raised  positions. 
Raising  the  gates  increases  the  water  surface  elevation 
approximately  1.5  meters  at  the  weir  and  1.1  meters  at 
Bollen  with  a flow  of  400  cubic  meters  per  second. 

(NOTE;  During  the  ffey  1943  breaching,  the  weirs  were 
lowered  to  reduce  the  peak  stage),  Flo'd  No.  2 
would  increase  the  peak  elevation  approximately  0,5 
meters.  Ihere  0,05  kilometer  widths  are  indicated, 
the  flow  is  confined  within  the  banks,  with  some  flood- 
ing of  very  lew?- lying  bottom  lands  immediately  adja- 
cent to  the  river. 
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(8)  Flooding  of  the  Ochtum  Depression  was  considered  in 
connection  with  Floods  1 and  6 by  raising  the  K erne lin gen 
YTeir  to  elevation  5*5  nn-NN  and  broaching  the  levees  in 
the  low  areas  along  the  left  bante  in  the  vicinity  of 
Arsten.  The  extent  of  flooding  would  depend  upon  the 
size  and  depth  of  the  breach.  In  the  passage  of  a flood 
wave  such  as  for  Plondo  1 nr  6,  a large  part  of  the  dis- 
charge would  pass  over  the  Hemelinger.  ’7eir  and  across 
the  low  grouid  to  the  loft  of  the  weir  structure.  Since 
the  flood  peak  is  of  relatively  short  duration  only  t 
fractional  part  of  the  volune  could  be  diverted  to  the 
Ochtum  Depression.  Even  thou^i  this  diversion  be  accom- 
plished tiie  flow  would  pass  to  the  sea  unless  barriers 
were  established  and  gate  closures  were  made  within  the 
area.  If  it  is  assured  that  a breach  be  nade  in  the 
levee  equivalent  to  25  meters  length  with  the  base  of 
opening  at  elevation  5+iwNN,  *less  than  20  percent  of  the 
volume  for  Floods  1 or  6 c~uld  be  diverted.  The  diver- 
sion to  the  area  would  flood  about  20  square  kilometers 
with  the  censtruction  of  necessary  barriers.  The  velo- 
city accompanying  the  passage  of  flow  throu^i  the  levee 
breach  would  result  in  very  little  scour. 

(9)  If  regulated  flood  waves  or  a sustained  flow  of  230 
nP/sec  were  released  from  the  Eder  reservoir  by  gate 
regulation,  the  duration  of  overbank  flooding  in  the 
Hemelingen  pool  areas  would  be  increased  over  that 
caused  by  breaching  and  a greater  volune  of  the  water 
could  be  diverted  tc  the  Ochtum  Depression,  The  river 
stages  obtained  in  the  Hemelingen  pool  would  be  somewhat 
lower  and  it  would  require  a longer  time  to  flood  the 
Odi turn  Depression, 

(10)  By  means  of  artificial  floods  created  by  the  methods  dis- 
cussed in  this  section  of  the  report,  the  Eder,  Fulda  and 
'Teser  Rivers  could,  in  conjunction  with  a complete  bridge 
demolition  progrson,  present  a continuous  obstaole,  for  a 
limited  time,  to  military  movanents  which  do  not  have  the 
aid  of  special  bridging  operations  or  anphibious  devices. 


- 29  - 

CONFIDENTIAL 


-4 


BIBLIOGRAPHY 


Reference 

Nurrtoer 


1 


2 


3 

4 


5 


6 


7 


8 


9 


10 


Document 


"Report  on  Weser  Syaton,"  Vol.  2 (Maps  and  Plana), 

Hq.  Chief  of  Engineers,  Britiah  Amy  of  the  Rhine, 

First  Edition , June  1946. 

"Strategic  Engineering  Study,  S.E.S.  128,  Navigable 
Waterways  of  Germany,  Vol.  1 (Topography  and  Climate), 
and  Vol8.  4 and  5,  (Etas-Weser  Region  and  Canale)" 
prepared  by  Engineer  Research  Office,  North  Atlantic 
Division,  Corps  of  Engineers,  August  1944* 

Jahrbuch  Fuer  die  Gewaesserkunde  des  Dents chen 
Refchs  (Berlin)  (Issued  annually). 

“Germany,  Vol,  1,  Physical  Geography,"  B.R.  329, 
Geographic  Handbook  Series,  Naval  Intelligence 
Division,  British  Admiralty,  January  1944. 

"Stroragsbiet  der  Weser  und  Bns,  Einwirktng  auf  die 
Wasserfuehrung"  (River  Basins  of  the  Weser  and  Erne, 
Influence  of  Flow)",  Military  Geography  Training 
Manual  H.  Dv.  g,  33a,  prepared  by  General  Staff  of 
German  Amy,  Section  9,  Berlin,  December  1937. 

"Z era toe rung  und  Schutz  von  Talsperren  und  Daenmen 
(Destruction  and  Protection  of  Dams  and  Levees)," 

0.  Klrschmer,  Schweizerische  Bauzeitung,  14  May  1949, 
pp.  277-81,  and  300-303.  (See  Translation,  Appendix  C). 

"A  Progress  Report  on  the  Disposition  of  Sediment  in 
Reservoirs,"  A,  W.  Van’t  Hul,  U.  S,  Dept#  of  Interior, 
Bureau  of  Reclamation,  January  1950. 

"Report  on  River  Weser,  Part  1 (General  Description) 
and  Part  2 (Bridges,  Locks  and  Dams),"  G.S.I,  (R.E.), 
Hq.  21  Amy  Group,  March  1945. 

"Report  on  the  Rivers  Fulda,  Werra  and  Eder,  Part  1 
(General  Description)  and  Part  2 (Bridges.  Locks  and 
Dams),"  prepared  by  Information  Section,  Intelligence 
Division,  0.  C.  E.,  Hq.  ETOUSA,  March  1945. 

"Kontrollmessungar  au  der  Eder-Spermauer  (Control 
Measurements  on  the  Eder  Dam),"  Ibdt  Organization, 

Ruhr  Division,  Survey  Branch,  Schwerte,  20  May  1944» 


— 1 


- 1 - 


Ref erenc 
Nwober 

11 

12 

13 

14 

15 

16 


Document 

"Die  Kanalisierung  der  Mittelveser,  (Canalization 
cf  the  Middle  ’’’eser),"  Odenkirchen,  Die  Bautechnik, 
Vol.  16,  pp.  387-9,  1938. 

"Wiedorherstellung  der  Braecke  des  Mitteilandkanals 
ueber  die  Weser  bei  Minden  (Reconstruction  of  the 
Mittelland  Qanal  Bridge  over  the  Tfeser  near  Minden)," 
published  by  Verwaltung  fuer  Verkehr  des  7ereir»igten 
Wirtschaftsgebietes,  1949. 

"Die  Diemeltalsperre  (Dieroel  Valley  Dam),"  P.  Gerecke, 
Zeitschrift  fuer  Bauwesen,  Vol.  75,  pp.  93-104,  1925. 

"Barrage— reservoir  du  Diemeltal  pres  de  Cassel 
(Dianel  Reservoir  Dam  near  Kassel,  Germany),"  Genie 
Civil,  Vol.  88,  pp.  396-8,  1 May  1926. 

"Rhine  River  Hydrology  Study,"  prepared  by  the  Design 
Section,  Construction  Division,  O.C.E.,  Hq.  Can.  Z«, 
wider  direction  of  Major  A.  I.  Cochran,  CE,  November 
1944.  (Issued  by  Information  Section,  Intelligence 
Division,  O.C.E.,  Hq.  ETOUSA). 

"Military  Hydrology  Report  on  the  Rhine  River," 
prepared  by  Hydrology  and  Hydraulics  Branch,  Engineer- 
ing Division,  Civil  Yforfcs,  Office  of  the  Chief  of 
Engineers,  T7ashington,  i).  C,,  20  July  1951. 


- 2 - 


LIST  OF  EXHIBITS 


1,  Rydrclogic  Terrs  and  Abbreviations 

2.  General  Map 

3*  Drainage  Basins 

4.  . General  Profile 

5.  Profile  of  Fulda-Weser 

6.  Profile  of  Eder  River 

7.  Profile  of  Diemel  River 

8.  Typical  Channel  Cross-Sections  (Hann-Muer.den  to  Minden) 

9.  Typical  Channel  Cross-Sections  (Drakenburg  to  Grin den) 

10*  Typical  Valley  Cross-Sections  (Ginte  to  Enrnem) 

11.  Typical  Valley  Cross-Sections  (Neesen  to  Doerverdcn) 

12.  Typical  Valley  Cross-Sections  (7/ulmstorf  to  Arsten) 

13.  Eder  Dam-Elevation 

14.  Eder  Dsm-Cross-Section 

15 • Diemcl  Dam 

16.  Levee  Data  (Me:  'brexen  to  Liebenau) 

17.  Levee  Data  (Buhl  on  to  Wulsdorf ) 

18.  Pro file-Mitte Hand  Canal 

19.  Cross-Sections  - Mittellnnd  Canal 

20.  Bridges  Crossing  the  Weser,  (Outer,  Lower,  and  Middle  Weser) 

21.  Bridges  Crossing  the  Weser,  (Middle  and  Upper  Weser) 

22.  Bridges  Crossing  the  Weser  (Upper  Weser) 

23.  Bridges  Crossing  the  Fulda,  The  Ems-Wcser  Region 

24.  Major  Bridges,  Eder  River 

25.  Major  Bridges,  Diemel  River 

26.  Rating  Curves  (Gunterhausen  to  Karlshafm) 

27.  Rating  Curves  (fiodenwerderto  Mindaa) 

28.  Rating  Curves  (Nienburg  to  Intschede) 

29.  Sunrmry  of  Gage  Data,  Weser  and  Fulda  Rivers  (Gunterhausen  to 

Bodemrerder) 

30.  Sumtmry  of  Gage  Data,  V/eser  River  (Hameln  to  Intschede) 

31.  Surma ry  of  Tidal  Gage  Data,  Weser  River  (Bremen  to  Vegesack) 

32.  Surmary  of  Tidal  Gage  Data,  Weser  River  (Brake  to  Wesermuerde) 

33.  Stage  Duration 

34*  Surface  Velocities 

35*  Discharge  and  Storage  Curves,  Eder  and  Diemel  Dams 

36.  Discharge  Hydro  graphs , Eder  Dam 

37.  Discharge  Hydrographs  (Eder  Dam  to  Intschede) 

33.  Stage  Hydro  graphs  (Eder  Dam  to  Baden) 

39.  Discharge  Hydrographs,  Diemel  Dam 

40.  . Summaiy  of  Artificial  Floods 

41.  Widths  of  Flooded  Area  and  Duration  of  Flooding  Resulting  from 

Artificial  Flood  No.  1 


APPENDIX  A 


Page 

♦Description  of  Wateroourse  (Weser  River)  Ip*  8 
♦Description  of  Control  Structures  (Weser  River)  9-10 
♦Description  of  Control  Structures  (Eder  River)  11 
♦Description  of  Control  Structures  (Fulda  River)  12-14 
♦Description  of  Control  Structures  (Diemel  River)  15 
Weser  River  System,  Geographic  Names  & Locations  1&-22 


♦Abstracted  from  "Stromgebiet  der  Weser  und  Ems, 
Einwirkung  auf  die  Waaserfuehrung, " Military 
Geography  Training  Manual  H.  Dv.  g.  33a,  prepared 
by  General  Staff  of  German  Amy,  De center  1937. 


giHs^jsrvfs:-*  j 


^vi2^^«^9WS(i 


Basic-  ; Wefser-Bms 
*®r:  VXSER 

pfefk 


DSSCRIPTIOli  OF  .fAJERCuURiE 


All  information  refers  to  river  reaches  and  adjacent  regions  and  indicates  the  important  characteristics. 
The  order  of  listing  in  columns  1 and  2 is  ir.  downs t ream  secuence. 


Odj.  Bo 


.■ax.  ; El 

1 

0 

•H 

<U 

> 

OVOj 

city 

ill- 

a/ sec 

c 

y 

10 

HSchs  i HHW  j Supplementary  Information 

1:1. 1 Die-  I I-fejf.l  El.  a.  Riverbed  and  GhanreT 
ver  ’charge  ’.velo-  ! over  b.  Banks  and  ricodplain 
NIi  ! cbm  | -ity  ' UR  ! c.  Remarks 


cbm  i --ity 
sec  Im/sec 


0.0  Harm  Muenden 

Open  River 

13^*0  Upper  Limit  of 

Hcuneln  pool 

Pool  condition 


i.84 


115.53  116.0 


63.5b  63.97 


117.0 


6*  4? 


119.3 


66.64 


287 *C  Upper  Limit  of 
Doerverden  pool 


14.70  15.26 


16.32 


39.43 


- -jV 

^V':i 


Pool  condition. 


Headwater 

j306. £5  Doerverden  Weir 
fcl  *\  ’ Taiiwater 


4*32 

6*3 


14.6  34.6 

(hormal  stage) 
9.76  10.62 


14.6 

11.97 


15.27 


- 


ae»  j\  * — , 


■>. . ’-i  ,.tU 

HBwv  j :'i  • 

-*T 

. '*  * '-f 


■ 

*Ganar&l  Map  Reference 


y’123?'  i 'i~ 


it  ’ :* 

135*3 

f ' . 

« 

Headwater 

Bamelr.  Weir 

Taiiwater 

3J 

73 

(Weir  crest) 
59.74 

63.7 

60.49 

' 64.14 
61.58 

64.42 

64.42 

67.7 

a. 

67.7 

V 

4'  ■* 

y 'i?  ' - "* 

My  ’ >>■-  ; , ■ 

Open  River 

60 

3.3 

56 

1.0 

142 

1.4 

630 

u • 

2.4 

. 190.^5 

Werre  River  Mouth 

40.43 

40.99 

44.92 

47.43  a. 

- rr  v 

r -i  w.‘  ; 

Open  liiver 

rs  r\ 

tv 

2*5~ 

€ 1-  ■ 

68 

1.1 

172 

1.5 

640 

2.1  * b. 

...  - L5£i.^i2=i£l 


124.11  fc . Steep  banks  along  a few  reaches. 

’ 'iath  of  flooded  area  varies,  bv.t 
covers  entire  Hood  plain  at  Kv. 
00 me  cverbark  areas  are  not  flood 
6°. 51  until  approx.  IV.  Short  dead 
channels  on  rignt  bank  above 
C IESEIk'LH’JER . 


Km  lo2 .5-I03 . 0 : Sandstone  reef 
across  streambed 
Floodplain  extends  as  far  as  hi 
riia  of  valley  -lain . 


Rocky  clayslate  subsurface. 

* b.  Banks  generally  flat,  in  some 
places  as  high  as  3a  above 
"elevated  middle  low  water" 

(K. K.Kl.V’. ) . Dikes  extend  dowr.- 
21.42  stream  from  OVENSTATVr,  Kn  220, 


River  bed  and  banks  covered  by 
slimy  sediment  below  DtHRVERDEB 

VvEIK. 

Floodplain  es  wide  as  17.5  km  in 
places,  limited  by  dikes  or  bird, 
embankments , ’’Ceestmerder.  M 
Lrrge  dead  channels:  on  left  bank 
opposite  EA!  DF.SBT”  CFT , opposite 
WF!;?!:"G  ^DUESTKRE  LAKE) : or.  righ 
bank  at  vcrnCR?,  at  km  263.5. 
Between  km  2C2~?C7  or  right  tank 
is  a small  depression  with  small 
dead  cnannels. 

Km  29c;  junction  of  kZLICHATICN 
Cana  _ , Lien  provides  up  to  3* 
cbm/ sec  irrigation  flow  to 
r VFCi ii  .-E  — _ YKc.  TK - ! IPG."! A.-  1 hh 

Region , 


Basin:  Weeer-Er 
River:  Weser 


information  refers  tc  river  raaones  .'ind  adjacent  rericrr-  and  indicates  tn-->  i.-'ortM.t  c-iarac  teri tics  . 

_ ;.:e  order  of  listing  in  columns  i :.;.i  I : a i:  drw.-.e  :,re?  r sc-cue:  ?o. 

I Average  I I.NW  > i " :;i,cnv  ^ T 


_ Average 
..neet  No.  • '.'idtr.  r 7< 

V 4 — -A... 


i k.i#  f"  >.!•  f)is-  y/ix.  « ;ii.  ' "/if-  ! mp*.  * i / 


(bj.  I<o.  • n depth  ( over  over  j ernr/re  • veio-  over  oh©  rre  \ ve%  - over  chnrr^  velo-  ! over  ! t, 


Open  River 


326.36  teoutii  of  Aller  R. 


Open  River 


fTT*  'T.  ■*’  - <• , 

£«?■■ :>r  ' 


340.0  Upper  Eioit  of 


He me linden  Pool 

Suneer  (3/16-11/14) 
Winter  (11/15-3/15) 


Pool  Condition 


362.0  Heneiln^en  Weir 


Su*»r  (3/16-11/14) 
Winter  (11/15-3/15) 


•B#n«rai  Ifcp  Reference 


<Rgn*£r 


ni  1 KN 


eo  3.h 


leo- 

200 


;i  s—  ; ."ax.  r.l, 


pupp  1c  me  n t_a  rj.  _ijn f oraatlon 


l.N  con 


6 J L. 


0.45 


4.50 

5.50 


city  | *;?•  : cbm  J city  id  . cbm  j city 


sec  1 mi  sec 


77  1.1 


6.55 


w .5C 
5.50 


9ec  r. sec  * 


so-'  i m.  see 


10  ■ U I 1:  | 1?  j 14  ; 15  ■ 16 

Inf.  1,45  Wi<>  ? ,4 


11.93 


10.  ?6 


13.43 


11.0 

12.03 


;:verb«'j  nr.i  Ohnrnei 
"•auks  -r'.w  7 i "icdplnin 
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Low  banks.  Fiat,  very  vide,  diked 
floodplain,  .-.if.;,  stee-  embank  sc  nt, 
"Gccctrobnaer , " at  Lr-DEII  (km  339- 
340) , risiig  up  tc  elevation 
35.CC ro/hh.  Important  "A'.TF.  ALIJ5R" 
dead  channel  clone  tb.e  embankment 
between  'JAVJviL':  ' and  3;.DKN. 


Basin.  Vi'e3er-i,E3 
Kiv-oi  . neser 


I , 

Watercourse 
kq  j stretch,  resp. 


3^2,0  Hemelingan  Weir 
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Ajlj.  information  refers  to  places  (regions,  watercourse  strotenesi  i r.  cc-uir.s  1—11 , •rr:r,,-fi  uuocruing  to  grad  lent , ar.d  their 
near  surroundings,  for  Purpose  of  represents  tien  cf  iu..-ortnr.t  . uni  fur_  : ertir.er.t  stretches  cr.ornrtt  ristir  , dif  f*>r»:r:ces . 

T I r 1 :Tr.W  i !";'hW  ! ...  - 
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oneet  ho .»  j ..verare  ! :i.  ->is-  j .ay,,  j a..  .vuppiemer.tcuv  Inform- 1 ion 

obj.  ;«o.  *iath  led  : over  over  j cnarge  velo-  , cvp:  i.  . diverted  and  Channel 

i I . I I 

dentil  i LN  at’  cbm  city  liN  1 fc.  ranks  mi  -‘loodi'i®  in 

a | sec  ! a/ sec  ! c.  Cemurks 

j HTn*  J _J ! _ | (Co?.  1?-19)  - > Tg  Col,  11-16  not  applicable. 
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Lower  Weaer 


366,8  Bridge  (Bremen; 

(0«0)  (End  of  Upper  & Middle 
W§ser,  «t*rt  of  Lower 
We8er  klloneterage) 


'-1.1k  Railroad  Bridge  (Bremen) 

<£.'  ■ }-  > - r 


4,0  iln trance  to 

Free  Harbor  I 


IzZS 

2.7C 


3.60 


4.11 


-0.7? 

0.6C 

2.95 

at 

* 

at 

2»6 

28o 

up- 

UT>- 

stream 

s tree  m 

disch. 

disch. 

-1.08 

330 

0.60 

2.21 

-1.10 

360 

0 .60 

2.20 

150  9.40  -1.99  -1.13  420  0.60 

O.  id 


60m  r.r-viga tion  channel 

lank  projected  oy  groins  or  riprap.  C. Id  riverbed  of  '■XZ7T 

(rL>.I*L  .’Licr)  along  left  bank  for  appro* . 1.2  km. 

Tide  1 i mi  t t 'LL  I!  02!  T-.n.  Tiiverbank  area:  garden*,  meadows, 

recreation  and  sport.  art  as,  docks.  ?ac'-*  area:  urban  develor-rentB . 


a.  Heavy  sten.e  wh.Ik  along  most,  of  rive-bar.'.  C-n  left  bank,  0.6  km 
be  lew  Bridge,  BlGand  LIT!'  .11  V.'ESFR  ?.  separated  by  a small  dike. 


70  m navigation  chunnel. 

Hig.it  L-  \eser  itailroai  Station,  industrial  a:.  1 hvrbor  facilities. 
Left  Panic:  Starting  at  movth  of  L1TTLK  VESKR  R.  , MOMENT  OR  HA^BC-. 

2m  2.-;  confluence  of  BIG  and  LITTLE  WKSsZS  H. 

dead  of  navigation  for  ocean-going  snips  of  4-5  m draft.  Ri  verba  rut 
area:  industrial  and  sport  areas.  Back  areas:  uXoa.fi  levelopmtr.ts . 

7u  Cl  Vlg-'.tl'O*  C 

fright  Bank:  Harbor  facilities.  Left  - Bank : 500  a v’ide  plain-meadows, 
pastures  and  fields. 

Ccean-goi.g  snipping  to  >'ree  Harbor.  !■*.  f t bank  area:  bounded  by 
C;/S:J  and  . .* Jit  dikes,  includes  V IE’lERVlLRLArO  marsh  and  villages 

of  ■ AN’*-/  AU  and  VISEKDEI3H. 


5,5  Entrance  to 

Free  Harbor  II 


V 

%-:r  

[ ,?*p  r**«**c* 


180  j^Q 

9.00 


-1.15 


450  0.60 


a.  100  m navigation  channel. 

b.  Bight  Bank:  Shipyarl  Kerbo.  . BESCH IMAG  Shipyard,  industrial  and 
conmerciai  harbor. 

Left  Bank:  Vn  6-7.5  wint-.r  li>u  close  to  river:  km  7.5.  dike  swings  in 
a wile  curve  un  to  i'ASE* forming  an  r:C0  m wide  floodplain. 

c.  iiirGEHVIL-ri-A/O  marsh  lend  ward  of  ’ A.V'TT'AV  and  SSE^'SE*,  whir'-.  are 
lo-'-ted  ale."  tr.e  left  bank  dike.  Em  7.0,  .'A'VLIV'  Civic-?,  a 1.6  5 . . 5'r. 
dreim.y*  outlet  'v2.17  , ' cros9-t.ee tional  ares.)  for  fI  ~hrT,VI  v’LA':"1 

A summer  »!!>«•,  -rest  elev.  3 . Z<‘  n/hi.,  begins  at  km  7 . u » providing  .nar- 
ti&l  protection  to  t.ke  floodplain  against  •'VoHH  H . floods. 
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Entrance  to  Industrial 
and  Commercial  aarocf 

160 

a. 7 

-2.06 

-1.16 

520 

0.60 

2.13 

watercourse  stretches)  In  columns. 1-2,  arranged  according  to  gradtmAl.,  ard  their 

or  pertinent  stretches  characteristic,  differences. 


Supplementary  Information 

a. 

b. 

c . 


Riverbed  ana  Channel 
Banks  and  Floodplain 
Remarks 

(Col.  17-19)  - Col.  11-lb  not  applicable 


tiftpS-VJ:  ■>  avfT^  : 
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a.  120  a navigation  Channel 

b.  adjacent  to  Kproor  Entrance  is  a lock  leading  to  the  industrial 
••  harbor  area;  lock  length  1?0  n,  2 slide  gates  each  25  n v?de. 

Sight  Bank:  Ka  6.5-10.6,  slightly  elevated  floodplain 

Km  10.6-12.5,  curving  dike  creates  500  m wide  K1TTE1SBUEREN  floodplain 

Km  12.5-14.0,  dike  close  to  river  bonk. 

Km  14.0-15.5,  curving  dike  creates  160  m wide  floodplain. 

Km  16. 5,  Joining  of  WF.SER  and  LESUM  H.  valleys. 

Left  Bank:  Kc  9.7.  village  of  HASEVBVEHEN . 

Km  9.7-11,  dike  curves  around  HASEMBUF.HEN,  false  channels. 

Km  12.5,  dike,  WEBER  and  OCHTUM  R.  form  a common  valley,  appror . 

1 km  wide. 

Km  14.2*  Mouth  of  OCHTUM  R. 

c.  Right  Bank : VERDERLAFD  marsh  between  WISER  and  TjtSUK  R.  Km  15.0. 
NEEDERFOEHEh  'Sluices , each  1.0  a dlam.  ie.  0.75  q»  cross-sectional 
area,  tot»\  75  qm  4rea.  (DOTE;  "qm"  equivalent  to  square  meters) 

Left  Bank:  RIEDERYIEHLAKD  marsh  between  VF.SER  ar.d  OCHTUM  R. 

Km  9.0,  1.5  q®  HASZLBUEREW  Sluice  in  dike. 

Floodplain  below  CCHTVM  . which  together  with  (■CHTUM  KARA  I,  were 
formerly  tr.e  beds  of  the  OCHTUM  and  WSSER  R.t  now  defined  by  dike 
along  west  bank  of  OCHTUM  VAKAL. 

Km  15.3,  MoutH  of  OCKTUM  KAVAL.  Immediately  downstreaa  is  the 
slightly  elevated  DEICHS!:A,rS£K  Plain,  now  occupied  by  an  airfield; 
VESFR  R . valley  narrows  to  300  m at  this  point. 
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All  information  refers  to  places  (regions,  water  course  stretches)  in  colurms  1-2,  arranged  according  to  gradient,  and  their 


near  surroundings,  for  purpose  of  rcr-rrt’°‘r t” 

ticn  of  important 

, and  for  pertinent  stretches  characteristic , differences. 
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Supplementary  Information 

El. 
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n/* 

Bis-  j 

charge  ] 

— ! 
v urn 

sec 

| Max , 
velo- 
I 'ity 
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Ob j.  bo. 

a.  Riverbed  and  Channel 
1 b.  Banks  and  Floodplain 
c . Remarks 

(Col.  17-19)  - Col.  11-16  not  applicable 

-1 1 

— 4 "Tl 
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z 
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240 


340 


400 


10.9  -2.00  -1.14 
7.8 


10.4  -2.39  -1.44 

?.i 


1400 


2800 


0,85 


2.0  a.  120  m navigation  channel. 

b.  Right  Bank:  High  embankment,  "Geest,”  with  villages  of  VFaJESACE, 

BLUMEhTHAL , ROEhNEBECF , and  FARGE. 

Left  Bank:  Flat  banks  and  floodplain,  approx.  500  m wide,  occupied 

by  factories.  Dikes  along  the  VARFLETK  and  '"ESTERGATE  old  channels. 
Era  29,  joining  of  the  WESER  and  HUNTS  R.  valleys. 

c.  Right  Bank:  Harbor  of  VEGESACa  at  the  mouth  of  LSSUM  R.  Km  28.6, 
BECKUR  Sluice.  Right  back  area:  villages,  forests,  shifting  surfaced 
wasteland-  03TERSTADE  marsh  beginning  at  Km  26.  . 

r^ft  Bank  - STEDIl'GEh'  marsh,  a 2.5  km  side  depression  extending 
westward  to  the  CLEE1  R.,  a tributary  of  the  HUI.T’K  S. 

Km  17.5,  LEMWERDEN  Sluice. 

Km  27.4,  VE5KRBEICR  Sluice. 

1.79  b.  Right  Bank:  Km  33,  rignt  side  channel  of  river  in  the  middle  of 
2 km  wide  floodplain. 

Left  Bank:  Narrow  floodplain,  dikes,  close  to  stream.  Villages 
along  the  dikes.  Factories,  shipyards  and  docks  near  the  city  of 
BRAKE.  Harbor  entrance  13*3  111  wide, 
c,  Right  Bank:  3.5  km  wide  uSTERSTADE  marsh  in  back  area,  extending 
to  the  "Geestrand." 

Km  34.0,  Sluice,  2.75  » high  x 2.87  ra  wide  x 15  ra  long,  bottom 
elev.  -1.10  s/PN 

Km  36.6.  A SCH WARDER  Sluice,  4.35  a*  high  x 4.08  a wide,  bottom 
elev.  -1.86  mfFN 

Km  37.2,  'YURTHFLETrl  Sluice  (Syphon  type),  1.60  m di&ra.,  bottom 
of  ditch  -1.10  ip/nn 

Left  Bank:  7-10  km  wide  0LHE1.T3URG— VffiSER  Marsh,  (a  marshland  und 
moorland  region)  In  back  area, 

Em  36. 4 MOORLSMC  Sluice,  2 openings,  each  4,05  7 4.35  * 25  m, 
bottom  elev.  -2.70  m/hl! 

Em  36. P,  v AESE3URG  Sluice,  4,20  x 4.85  7 22  n,  bottom  nl*v, 

-2.57  m/NN 
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All  information  refers  to  places  (regions,  water  course  stretches)  in  columns  1-2.  arranged  according  to  gradient,  and  their 
near  surround 1 . for  pursose  of  reuresantation  cf  important.  and  for  nertir.ent  stretches  characteristic,  differenced 


Supplementary  Information 


Width 


Bed 

depth 


rbed  and  Channel 
s and  Floodolain 


MTntf 


-fcl.*.  A.  4-^ 

AiiOAcuigti  vu 

Brake  Harbor 


: 150  m wide  floodplain  up  to  mouth  of  r .glit  sidechannel 
)?t  44.0.  A dike  close  to  the  side  channel  up  to 

54.0.  Em  54.0-56.3*  outlet  of  depression  for  Wg(j_  by 
which  ditides  the  LUKE  PLATE  frem  the  main  stream 
approx.  1 km  long,  along  the  bank  in  the  harbor 
dike  curves  in  wide  arc  up  to  2 km  away  from  the 
river  again  at  Km  51*8*  la  that  floodplain 
s tue  STROHRAUSEN  PLATE,  separated  from  the  back  area,  by 
, SCHWEIBURG. ^ A dike  runs  in  a flat  arc  along  the 
other  parts  of  the  WESER  R.,  forming  a wide  floodplain  with  the 
DELES DORF  PLATE. 

Right  Sank:  NORDER  OSTSRSTADE  Karsh  extending  up  to  Km  51,  LAND 
VUEFRDEN  Marsh  above  that  point.  Both  marshy  regions  ,3-4  km  wide. 

Km  42.0,  2 OFFELWARDEM  Sluices,  2,0  (2.3)  m high  x 1.68  (2,37?  ffii, 
wide,  bottom  ©lev".  -1.97  (-2.43) 

Em  44.0,  SANDS TBDT  Sluice,  2.33  m wide,  bottom  elev, -2.28 

Km.  47.0,  RKCKTEh?LEr->  Sluice,  2,20  m wide,  bottom  elev  -2.32  n/VS, 

Km  49.rO,  DREPTE  Sluice,  3.$  m wide,  bottom  elev.  -2.29  m/HIJ.  . 

Em  50.3  KEUEELAKD  Sluice,  with. pump,  1,46  m wide,  bottom  elev.' 

-1.97  ns/liR.  . b 

Km  50.9,  BUTTE LE  Sluice,  2.5  a high  x 1,80  m wide  7 yi  m Jong, 
Dotted  elev.  -2,23  ® /WN. 

Km  53.8,  DKDESDORE  Sluice,  4.0  x 4.0  7.  27,5  m.  bottom  elev. 

—2.44  njjijlR. 

Km  58.0,  ZRDKANF  Sluice  (LUKE  PI ATE) , bottom  -2.44  m/Mh. 

Left  Sank:  Continuation  of  OLDEKBURG-WESER  Marsh.  Approx.  1 km 
long  pier  abovp  KORDHAM  Harbor. 

Km  41.2.  BRAKE  Sluice. 

Km  44.5,  GO LDZ WARDEN  Sluice, 

Km  45.6,  SCH MALELFLETH  Sluice,  2.70  m high  y 3-52  m wide  y 23.6  a 
long,  bottom  e.iev.  -2.10  ra/Nh, 

Km  48,0,  A3SEU  Sluice  (wood),  2.65  x 3*28  x 23.75  ®,  bottom  elev„ 
-1.57  ioj4ih. 

Em  49.0,  STRGHKAUSEM  Sluice,  2.  . fc.  2.90  x 2.10  x 10  r 20.75,  bottom 
—2  • i4j^hL . 

EM  51*6.  KECKUM.  Sluice,  4.50  x ~..80  r.  15.30  a,  bottom  -1.94  rxfbb. 

Km  53*4,  ELZIhE  Sluice,  2. SO  x 2.0  > 2.0  x 19.0  tn,  bottom  -1,57 
Km  56.0,  GROSSE  Sluice,  3*55  x 2,0  x 19*55  d,  bottom  -1  .yirafhV. 


Rig.it  Bank 


DEDESDCRF , Km 
the  Old),  WESER  R., 
Left  Bank:  A pier, 
region.  Km  43-3 
river,  approaching  t 
regio 

one  old  branch  " 
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Supplementary  Information 
Riverbed  and  "CEannel 
Banks  and  Floodplain 
Remarks 

(Col.  17-19)  ~ Col.  11-16  not  aj 


:>licaM.e 


K#sueahas-M  tf  afte* 
to  fisnery  harbor 


ikii 

8.0 


-2«?$  -1*76 


T?tv.rban>  in  original  i'tiwn  vslleyT  150  » navlg*U<m  ch*nnei. 
i»t  Bank:  Up  to  k»  63.5  L the  Uttfc  PUSS.  » .*>«,«*  fl«*- 
fSUditei  mrshy  IslanJ,  East  of  itU  a 1.6  k>  > *4.  4«P»«1™< 
"AIT’E  WESER,*  the  north  TAXt  of  which  is  crossed  by  the  liUKi.  — • 
which  joins  the  VESER  B*  at  km  63»5*  A *kort  distance  above  the 
mouth  of  the  GSESTE  R.  (km  6‘>.5)  i&  the  entrance  to  VES&ttmVuxi 
Fishery  Harbor.  The  entrance  is  provided  with  a double  lock  ©1 


1.06 


Left  Bank:  Up  to  km  65-5;  dik*>  ‘l6s¥'t5  stream,  floodplain, 
appro-*-.  200  m wide,  industrial  aria  of-  BLEEPS  at  .op  of  -.ank. 

At  km* 65.5.  the  dike  makes  a right-angled  turn-to  tae  Northwest 
to  form  a floodplain  approx.  1 km  wide.  , 

nitf-ht  Bank:  Marshy  LAUD  VUEHKDEh  aepreasion  and  Adjacent  oUKB 
depreTsion.  At  to  59.0,  valley  area  contained  by  dikes  appro*. 
3.2  km  wide:  at  km  62.0,  approx.  6.2  to  j tide ; "**•&*?*  5 ' J™ 
at  km  63.5;  and  narrowing  to  2.5  km  at  to  6M>  ^UhE  nCCK,  ft 
concrete  structure,  clear  width  of  10  a and  depin  of  2.5  e at 

hW 9 5eb  in  3- 1>  HW e , , * 

Left  Bank:  BOTJADIMHtf  LARD,  fairly  conpleteiy  populated. 

Km  59.1s  FLAGBALGEN  Sluice,  2.50  * high  x 1.50  a wxde  x m 

long,  bottom  -“2.19  o/’hh*  „ A„ 

Km  61,7,  BLSXEil  Sluice.  3,10  x.  3.30  x 19  m,  bottom  -2.02  a**®. 
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Ai  l information  refers  to  places  (regions,  watercourse  stretches)  in  columns  1-2,  arranged  r-ccoriing  to  gradient,  and  their 
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depth 
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1.6?  a.  Riverbed  in  original  stream  valley,  200  m navigation  channel  to 
mouth  of  the  estuary. 

b.  Vfidening  of*the  stream  mouth,  tfide  sand-flats,  "Watten,"  along 
both  sides  of  river,  flooded  at  high  tide  but  dry  at  ]tw  tide. 
Right  Bank:  FORT  BRINKAI-IAH0F  with  lighthouse. 

Left  Bank;  LANGI.UETJEN  FORTS  I and  II,  situate!  on  low  flat 
islands,  "Vatteninaein. " 

Rlwht  Bank:  City  areas  of  BREKKRKAVEN  and  'tESER)ONT)F  located 
landward  of  their  respective  harbor  areas. 

Km  66.7,  BSUER  EAFEN  Lock,  decking  lock  22  m clear  width,  with 
-high  and  low  tide  gate  (alter  gate  type) 

-Km  6?*8,  KLEIKE  KAISER  Lock,  docking  lock  1?  m clear  width,  high 
and  low  .tide  miter  gates.  Foreharbor  and  lock  gates  silted,  depth 
at  both  loqks  A. 5 m at  N¥,  7-8  m at  HV, 

Kn  68*0,  GlIbSSE  KAISER  Lock,  chamber  223  a long  r 28  m wide;  high 
and  low.  tide  miter  gate  oa  riverward  end,  slide  gate  on  landward 
end  of  lock. 
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Tidal  effectB  persist  as  far  upstream  as  the  upper  reaches  of,  the 
LO'FER  WKSER  P.,  In  the  lower  reaches  of  the  LO’-TR  FESER  R,  mar. 
stream  velocity  is  1.0-1.7  m/sec. 

Ee  69«3*  MCRD  Lock,  chamber  372  ® long- x 45  m wide,  slide  gates, 
depth  11.2  m at  W,  16. 5 m at  HW. 

Km  ?1»0,  end  cf  harbor  aree , adjacent  LABI)  WORSTED  marshland. 

3.5  km  below  entrance  to  BORD  -(Hartto)  Lock  is  WEDDEWARDEW  Sluice; 
10,0  Job  below  that  initial  point,  WREMEN  Sluice;  17.5  km. 
PADDINGBUETTEI3R  Sluice;  20.0  km,  DOBUM  Sluice, 

Left  3ank:  North  Sea  marsh  of  BUTJABINGEN, 

6.5  km  belov  3LS73©  village,  TSTTSMS  Sluice;  7.0  m,  tWli.il 
Sluice;  11.0  km,  BURHAV3  Sluice. 
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134*8- 
135.4  tat 


uoace  Devast 


Control  Structure 

(Haw  A Purpose) 


Description  sf  Centro!  Structures 


Peel  Data  I Lock  & Daa  Data 

Backwater  Extent  d.  Headwater  Blew.  a.  Leek 
Pool  Width  e.  Tailwater  21ev.  I b.  Daa 

Peel  Depth  . | c . Brldgewa 


FAWLU  WSSZR  Weir  a. 
Navigation  b . 

Power  c . 

d. 


5 toe 
112  a 
3.7  (Ifcx.) 
63. 75  mf-KH 
60.49  w+n 


a.  #1.  Concrete  lsng-tev 
lack , chaaber  length 
225  a,  width-chaaber 
S$  ga 1 0 12.5  ■ 

#2.  Old  ashlar  aasen- 
ry  leek.  Chaaber 
length  61  a.  width- 
chaaber  A gate  11  a 

b.  2 fixed  weirs,  cen- 
tre ts  A ashlar  aassn- 
ry , lengths  135 • 165  a 

c.  Walkway  0.8  a 


Operation  Effects 


a.  Full  Closure 

b . Full  Opening 

c.  Associated  Results 


a - c.  Fired  wuir.  Full  opening 
end  closing  not  possible. 


XV  of 

Duaas  aairee  weir 

a.  22  ka 

BCVSVX&- 

itZ 

lavigatiep 

b.  130  a 

2 m 

80s 

irrigation 

c.  5.8  a (aax. ) 

108.85  tat 

fearer 

d.  14.60  aqrjiH 

e.  10.82  wj-WZ  (K BV) 

42 

. , . . i 

80b 

» 1 

e 

. - . 


a.  #1.  Re inf . concrete 
long- tow  lock;  chamber 
length  350  width- 
chaaber  A gate  12.5  a 
c.  #1.  Walkway  0.8  a 


a.  #2.  Saall  solid  aasen- 
ry  lock,  length  85  a. 
width-chaaber  A gate 
12.5  a 

c.  #2.  Walkway  0.8  a 


a.  #3*  £slld  concrete 
lock,  length  28.2  a. 
width-chaaber  A gate 

6.2  a 

c.  #3.  Walkway  0.54  a 


a.  Upetreaa;  Headwater  can  be  Fewer:  4 turbines.  2 gener- 

raised  te  15.10  VHN;  creat-  aters.  Peak  capacity  2900 
ing  25  k»  backwater,  partial  kw.  average  capacity  1950 
flooding  sf  banks  near  weir,  kw.  daily  eutput  46.500  kwh. 
increased  power  generation,  faoneoncj  closure  of  weir 
Dewns  treaa : Seoul ting  drep  epenings  by  needles  in  sweat 
in  stage  causes  navigation  sf  failure  sf  slide  gates, 
difficulty  at  W A HV.  "Attention  at  HW." 

b.  Ups treaa:  lowering  ef  head-  Destruction : Shutdown  of 

water  stage  reduce#  navlga-  power  plant  would  m*t  aeter- 
blc  '.raft  A dTifhpt»~pewtr  lanjr'alTecrwelr  operation; 
generation  at  nsrasd  etage  but  current  supply  for  weir 
A at  NW.  operation  would  be  inter- 

Dywnt treaa:  Suddsn  spenlng  rupted  by  destructlsn  ef 
endangers  navigation  and  weir  bridge. 

banks. 


b.  3 double  leaf  slide 
gates  (lswer  leaf  4 a, 
upper  3a,  high) 
Additional  1 a high 
asvable  ice  flap  ea 
upper  leaf.  Lengths 
42.  42,  24a. 

c.  f4.  Walkway  3 ■ 


P refare tee 


iln  (Sequence  Downs  troan) 

1 

Sheet  S»g*  Oentrol  Structure 

0b j.  K«  < ‘ (Name  & Purpose) 


HEMSIIHCEN  WEIR 
(Bremen  Weaer  Weir) 
Navigation, 

Irrigation. 

Power  generation, 
Increase  ef 
river  & ground- 
vs. ter  levels 


dsscriptiok 

Fool  Data 

Backwater  Extent  d.  Headwater  Elev. 
Peel  Width  e.  Tailwater  Elev, 

Peel  Depth 

4 

11  ks  (summer) 

150  * 

4,5  a (mx:  at  weir) 

4.50  (summer) 

5.50  V®1  (winter) 

1,40  a/ NR  (mid- tide) 


07  CONTROL  STRUCTURES 

| Lock  & Dae  Data 
j a . Lock 

: b . Dam  j 

lc.  Bridgevey 

J 5 

a.  2 concrete  locks, 
clinker  facing- 
chamber  lengths 
350  (70) 

Width-chamber  & 
gate  12.5  ■ 

b.  Cencrete  weir  with 
stene  facing,  length 
125  e.  2 sector  gates, 
54  v each 

c.  Lock  walkway  1.4  m, 
weir  walkway  2 & 


Operation  Effects 

a.  Full  Closure 

b.  Full  Opening 

c . Associated  Results 

_6  

a.  Upstream;  Raising  of  head- 
water te  between  6.20  te 
7.0  n/NN  creates:  partial 
fleeding  ef  floodplain, 
flooding  of  LMESi'ii-BR I NKUM 
Marsh  on  left  bank  & 
ARBERGER  Marsh  on  right 
bank,  & increase  in  CCHTUM 
Rirer. stage.  (Cont'd.  in 
Cel.  7) 

b.  Upstream:  Stepping  of  navi- 
gation at  lew  water,  disrup- 
tion ef  power  generation 


Remarks 


Power:  11  generators,  total 
capacity  7750  kw;  daily 
output  90*000  kwh  in  rummer; 
135*000  kwh  in  winter. 
Provides  all  electric  supply 
for  private  & industrial 
usage  in  State  ef  Bremen. 
Gsr.t'd.  from  Cel.  6: 

а.  Retardation  ef  culti- 
vation ef  pastures  & 
meadows,  flooding  ef 
cellars  in  HEMELINGFK, 
interruption  ef  naviga- 
tion st  stages  above 

б. 20  ss/NN 

Destruction;  Disrupts  vital 
feed  production,  restricts 
important  industrial  produc- 
tion, impairs  important  coal, 
oil,  lumber,  grain  transpor- 
tation. 


*!  sap  ref erese« 


Deo* tie* 
River  km 

Sheet  he.* 
Obj.  he. 

Control  Structure 
(hams  & Purpose) 

Pool  Date 

| Dock  A Das  Data 

Effects 

a.  Backwater  Extent  d.  Headwater  Elev.  1 

b.  Fool  Width  e.  Tailwater  Elev.  j 

c.  Pool  Depth 

a . Lock 

b . Daa 

! c.  Bridgeway 

a.  Full  Closure 

b.  Full  Opening 

c.  Associated  Results 

Remarks 

1 

3 

4 J 1 

6 

2 

•f 

HXMTCBSH 

2.5  k*  S. 

•f 

WALDSCZ 
44  km 
above 
a euth  «f 
S&er  £. 


26 

34 


(Idertaleperr*) 
Flood  protective 
Power 

Flew  regulation 


a.  6 ka 
d.  214.2  mf’hM 
UiTak j:  UOl  all.  cbm) 
a.  1?  ka 

d.  233.9  Vm 

gall;  (202  all.  cba) 
a.  26  ka  (max) 

c.  42  a (aax  at  daa) 

26  a (at  Brinkhausen) 
15  ■ (»t  Aeel) 

5 a (at  Hershausen) 

d.  245.0  a^HE 


gravity  dan.  Cr«et 

245.0  b/mK,  foot 

203.0  m/HH,  emergency 
•utlet  232.78  t^NR. 
Roadway  along  daa  crest 
2.5  a wide,  slev. 

247.0  mfNR.  2 walkways 

1.0  n each 


floods  lower  Eder  & 
Fulda  valley,  damag- 
ing agriculture  & 
disturbing  traffic 


6 turbines  total  cap.  9360  kw. 
Powerhouse  *11*  on  right  bank, 

3 turbines,  total  cap.  18,480  kw. 
Discharge : Max.  capacity  of  outlets 
(Including  turbinse)  290  cba/sec. 
Destruction . Discharge  due  to 
doaolition  would  destroy  villages 
said  devastate  Lower  Eder  & Fulda 
valley.  Demolition  of  power  instal- 
lations create  electric  deficiency 
in  Kassel  Power  A.0.  Demolition 
bottom  outlets  would  eliminate 
flood  protection  & water  supply 
far  Veser  H. 


On 

PITIRSKOP? 
above 
HI  WURTH 
ea  right 


J& 

165 


4i  km 


of 

E. 


Valdeck 

Reservoir. 

Pumping 

Storage, 
Fewer  for 
Valdeck 


Full:  (0.76  sdl.  cbm) 

a.  320  a (me an) 

b.  155  * (nean) 

c.  20  m (max.  at  surge  tank) 

d.  507.0 


be  W ' 
USE  DAM 
^ at 
AV70LDXRH 

3»k- 

abate  ? ' 
mouth  e S 
»er  1. 


J26 

121 


If fe Idem  Re- 
regulatlen 

Rsserveir, 

Flood  Protection 
Power  A Flew 
re-regulation 
(in  connection 
with  Eder  Daa) 


Minimum  Peel:  (1.63  ail  cba) 

d.  201.5  a/HN 

Full:  (3.6  mil.  cba) 

a.  5.5  km 

c.  10  a (max.) 

d.  204.4  m/hE 


b.  Solid  concrete  struc- 
ture 

Crest  507.6  m/MK, 

average  elev.  at 
foot  490.0  m/XE 


Power:  Powerhouse  on  right  bank 
be lew  Hamfurth,  4 turbines,  (aperated 
only  during  peak  power  demand  per- 
iods) total  cap.  115,200  kw 
Discharge : Max.  cap.  of  outlet 
48  cbm/aec. 

Dee  true tlon  : Demolition  of  daa 
would  destroy  powerhouse,  AFF0LSKBV 
WEIR  and  village,  and  endanger 
villages  in  Bder  Valley.  Demolition 
of  powerhouse  by  itself  would 
create  power  deficit  without  damage 
to  XDER  DAM  or  AJT01DERN  RESERVOIR . 


b.  Solid  concrete 
gravity  weir  and 
adjacent  earth  daa. 

A 3*5  km  long  earth 
dan  extension  on 
left  bank  of  Eder  R. 
crest  205.5  mfm 


c.  Sudden  discharges 
damage  agriculture, 
disturb  t*  *ffic,  4 
destroy  villages 
in  Lower  Eder- Valley 


Power : 1 turbine,  total  capacity 
2,560  kw,  serviced  by  remote  con- 
trol from  HEKFURTH  power  station. 
Discharge:  Max.  cap.  af  outlet 
900  cbm/  sec . . 

Destruction : Demolition  of  the 
structure  would  place  pumping 
storage  reservoir  out  of  commission 
& impair  water  eupply  for  Wooer  R. 


•General  map  reference 


Fulda  .Basin  (Sequence  Downs tream) 


.Location  Sheet  Ko 


La  v £ r 


At 

Netypar- 
schen 
26,55  —Ss 


At 

Meisungen 

42,4  kin 


Control  Structure 
(Name  & Purpose) 


Rotenburg  Lock 
Navigation 
Braising  Mill 
Operation 


Pool  Data 


J.wCRIPUIuN  Oj  CONTROL  STRUCTURES 


heumarcchen  Lock 
Navigation 
Flour  Mill 

Operation 


Melsungec  Lock 
Navigation 
Power  plant 
and  mill 
operation 


Cuxhagen  Lock 
Navigation 
Flour  Kill  & 
dye  mill 
operation 


NJSUE  KUEHLE 
Lock 

Navigation 
Operation  of 
pumping  and 
^irriga-tien 
pira^ect 


a.  Backwater  Brtent  d. 

b.  Pool  Width  e. 

c.  Pool  Depth 

4 

a.  2.4  km 

b.  40  m tmean) 

c.  1,6  a (mean) 

d.  164.04  b/HN  (normal) 

e.  182.20  m/NN  ( KNV? ) 


Headwater  Siev. 
Tailwater  Elev. 


a.  2 km 
d.  35  ra  (mean) 

C.  1.6  a (aeaa) 

d.  175*16  s^N t (normal) 

e.  173.60  rafliU  (ML a') 


a.  1,7  ko 

b.  60  a (mean) 

c.  1.5  m ( iBeai'i ) 

4,  164.68  m^NN  (normal) 
e.  163,00  a/NK  (MNW) 


a.  1.6  km 
b«  65  m ( msar. ) 
c<*  1.7  m (mean) 

d.  147.24  e^NN  (normal) 

e.  145.50  n/H.N  (KNV) 


a.  3*7  km 

b.  40  m (mean) 

c.  2.3  ni  (mean) 

d„  ljO.?2  o/liS  (normal) 
e.  137.0  sa/KK  (MNW) 


Lock  & Dam  Data 

a , Lock 

b . Dam 

c . Bridgeway 

3. I 

a.  Solid  masonry  lock, 
wood  miter  gates. 

Chamber  length  2?. 3 m, 
width-chamber  and  gate 
4.4  m 

h.  Vi red  weir  with  movable 
crest,  length  60,4  m. 
Fixed  crest  184.04  mrMN ; 
movable  crest  184.32  q/NN 


a.  Solid  masonry  lock,  wood  as 

gates.  Chamber  length  b, 

28,3  m,  width-uhamber  c, 

6 m,  gate  4.5  m* 

b.  Fired  weir  witn  movable 
crest,  length  77  m. 

Fixed  crest  175.16  mAr.-h 
movable  crest  175*^6  ra^NN 

a.  Solid  masonry  lock,  wood  a 
miter  gates.  Chamber 
length  24.4  m;  width- 
chamber  5.6  m,  gate  4,4  a 

b.  Fixed  weir,  length  > 

151.0  in.  Right  bank  crest 
164,70  m/NN;  left  bank 
crest  164.66  m^NN 


a.  Solid  masonry  lock,  wood 
miter  gates.  Chamber 
length  24.5  m;  width 
chamber  4.6  m„  gate  4.4  m 

b.  Fixed  weir,  length  158  m 
Right  bank  crest  147.28 
m/NN;  left  bank  crest 
147.24  taflli 

a.  Solid  masonry  lock,  wood 
miter  gates.  Chamber 
length  24.3  m;  width 
chamber  5*85  ni,  gates 
4.6  m 

b.  Fijed  weir,  length  loy  m 
Sight  bank  crest  1 38.78 
m/RN,  left  bank  crest 

138.73  ia/NN 


operation  Effects 

a.  Full  Closure 

b.  Full  Opening 

c.  associated  Results 

6 

a.  Rone 

b.  Rone 

c . No  damage 


Rone 

None 

No  damage 


- c.  None 


- c.  None 


a.  -None 


Remark* 


Destruction:  Navigation  & mill 
operation  suspended,  downstream 
bridges  and  dams  endangered. 


Destruction:  Navigation  & vital  mill 
operation  suspended:  downstream 
bridges  and  dame  endangered. 


Destruction : Navigation  ^Unimportant 
mill  operation  suspended;  downstream 
bridges  and  dams  endangered. 


Destruction:  Navigation  & important 
mill  operation  suspended;  downs trsswn 
bridges  and  dams  endangered. 


Upstream  mills  and 
navigation  out  of 
commission. 

Sudden  raising  of 
roller  gate  weir 
creates  a flood- 
wave  downstream 


Destruction:  Closing  down  of  pumping 
station  causes  suspension  of  water 
TP-PPiy  to  a large  part  of  Kassel. 
Navigation  suspended.  Bridges 

endangered . 


>Ssuerai  Map  .Referenda 
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OF  CONTROL  STRUCTURES 
Lock  4,  Dam  Data 

a.  Lock' 

b . Da® 

c . Bridgevay 


a.  Solid  oasonry  lock., 

3 iron  miter  gates. 
Chamber  length  85  ■, 
width-chamber  11.8  a, 
gate  10  a. 

b.  2 roller  gatt6,  length 

24.3  m each.  Creet 
135.82  u/NK. 

c . Walkway  over  lock  1 a, 
oyer  weir  1.4  a 

a.  Solid  n&eonry  lock, 
wood  miter  gatee. 
Chamber  length  60  a, 
width-chamber  & gate 
8.6  m 

b.  1 fixed  A 2 needle 
weirs,  lengths  24.4, 
30.2,  26.6  m. 

c.  Walkway  fer  weir 
servicing. 

a.  Solid  nasonry  lock, 
wood  miter  gatee. 
Chamber  length  60  a, 
wldth-chaabei  A gate 
8.6  a 

b.  2 fixed  & 2 needle 
weirs,  lengths  30-3, 
26.6,  26.1,  A 15  ■ 

c.  Walkway  for  weir 
servicing. 

a.  Same  as  Spiekerabauaen 

b.  2 needle  weirs,  lengths 

30.3  A 26.6  a 

c.  Walkway  for  weir 
servicing 

i 

a.  Saae  as  Spiekerehaueen 

b.  1 fixed  A 1 needle  weir, 
lengths  46  & 17,5  ■. 

c.  Walkway  for  weir 
servicing 


Operation  Effects 

a.  Full  Closure 

b.  Full  Opening 

c . Associated  He suite 

6 

a.  Bone 

b.  Upstream  flour  aill 
A navigation  dis- 
rupted. 

c.  Flood  wave  created 
by  sudden  roller 
gate  opening 


Remarks 


Destruction  Navigation  & important 
mill  operation  suspended;  downstream 
bridges  and  daas  endangered. 


a.  Insignificant 

b.  Upetream  navigation 
stopped 

c.  Flood  wave  of  short 
duration  created  by 
sudden  opening 


a - c.  Saae  as  above. 


a - b.  Sane  as  above 
c . Spiekerehaueen 
Ferry  eut  of 
coaaiesion 


c . Sane  as 


It  _e$  HABB  MUE2JBKN 

Tsacweroer  234  Lock 

la  ha»i{«tlOD 

Baum  Mo**- 
doa 
106.3 


a.  3 ka 

b.  55-60  a 

c.  2. 2-2. 4 a (a ax.) 

d.  119.65  a/BB 

• • 117.10  ajtRB  (W) 


! L 


3F  CONTROL  STRICTURES 
_Locfc_&  Dae  Date_ 

a.  lock 

b.  Daa 

c . Brl dge was 


a.  Sam*  aa  Spiekershausen 

b.  2 needle  weirs,  lengths 

30.3  4 26.6  a 

c . Walkway  for  voir 
servicing 


Operation  Effect* 

a.  Tull  Closure 

b.  Full  Opening 

c.  Associated  Results 

6__ 

a.-  b.  Sabs  as  above 
c.  Wilhelashausen  Ferry 
above  daa  out  of 
comiasien 


Renarks 


a.  Saae  as  Spiekershausen  a - c.  Same  as  above  a - c.  None 

b.  2 needle  weirs,  lengths 

30.3,  26.6  a 

c.  Walkway  for  weir 
servicing 


a.  Solid  masonry  lock,  iron 
aiter  gates.  Ckaabsr 
length  60  a;  width- 
chaaber  4 gate  6.6  a 

b.  2 fixed  weirs,  lengths 

200,  51  ■ 

c.  Roadway  1.65  *.  2 
walkways  0.6  a;  single 
load  capacity  2.5  tens 


f 

i 


i 

} 

* 

i 
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Dio h*l 

Basin  (Sequence  Dawns treaa) 

DESCRIPTION 

CF  CONTROL  STRUCTURES 

< 

r 

1 

P'joI  Data 

Lock  <£  Dam  Data 

Operation  Effects  j 

1 ■ 

Location 

{ Central  Structure 

a.  Backwater  Ex  ter.  t J.  Headwater  Elev. 

a.  Lock 

a.  Full  Closure  1 

■ 

River  ks 

ObJ.  Se. 

(Haae  4 Purpose) 

b.  Pool  Width  a.  Tailwater  Elev. 

1) . Lam 

b.  Pull  Opening  j 

Reaarke 

c.  Pool  Depth 

c.  Briigevay 

c.  Associated  Results 

1 

2 

3 

4 

6 1 

7 

Above 

DIEMEL  DAM 

1/7  Pull  (3  ail . cbn) 

b.  Ashlar  Meseary  gravity 

c.  60  cba/sec  discharge  creates 

Discharge-  Max.  capacity 

HUJUEaaAD- 

64 

(Diesel  Talaperre) 

a . 2.5  ice 

daa.  Crest  376.2  n/Nb 

major  flssd  in  lower  Dienel 

af  discharge  gates  34 

S SM 

169 

Pleed  Pretectian 

d.  359.4  afVH 

Foot  340.0  a/Xb 

Talley,  with  disturbance  af 

cba/sec 

Paver 

1/2  full  (10  *11.  cba> 

c.  Bridge  roadway  5 a. 

agriculture  <$•  traffic 

Pever  2 turbines,  total 

flaw  regulatien 

a.  4.5  ks 

elev.  378.2  n/Kb. 

capacity  1060  kv.  Reserve 

d.  3«8.7  m+VV 

2 walkway  0.88  a each 

power  supply  available 

Pull  (20.05  nil*  eba) 

from  KASSEI.  Paver  A.0. 

a.  6.5  k* 

in  eeergenciea. 

c.  42  a (Ha x.  at  daa) 

Daatruetian-  Destruction 

13  a (at  ST0RMBRUCH  Bridge) 

of  villages  A devastation 

d.  376.2  ajw 

af  valley  below  dam.  Daa 

Inoperative  if  bettoa 
outlets  destroyed. 


3*0  ■ 

balev  84 

SlMMl  15£ 


9m 


HfexjaveHAusxii 

Be-r*gulatlen 
Reservoir 
Plead  protection. 
Plow  re-regula- 
tien  in  c#na*c- 
tien  with 
Diene 1 Dm 


ran  (65,000  cb«) 
a.  0.35 

c.  4 a (aax.  at  daa) 

d.  341.5  a/m 


b.  Salid  concrete  weir  with 
slide  gate  sutlets. 

Crest  342.5  s*4t,  fast 
336.90  a/Nb 

c.  Beinf arced  concrete 
roadway  3*5  *.  walkway 
1.0  a.  XI.  343.50  / VH. 
Short  earth  dan  on  both 
ends  of  the  bridge 


c.  Agricultural  daaagea  & 
traffic  disturbance#  can 
t>e  reduced  by  gradual 
discharge 


Lis charge ; Max.  capacity 
af  discharge  gates 
114  eba/sec 

Refilling:  2 hrs . to  re- 
fill at  10  cba/sec  dis- 
charge fraa  DIEMEL  DAM. 


tfenarat  aap  reference 


WESER  RIVER  SYSTEM 


GEOGRAPHIC  NAMES  & LOCATIONS 


Place  Name 

Sheet  No.* 

GSGS  4416  GSGS  4414 
1:100,000  1:25,900 

"Nord  de  Guerre" 
Grid  Reference 

Absen 

L 3 

2616 

4834 

Affoldem 

R 3 

4620 

9486 

Ahauhausen 

M 3 

3019 

8089 

Ah  sen 

M 3 

3020  ‘ 

9086 

Alb  ungen 

R 4 

5793 

Allendorf 

Q 4 

5699 

A Her  River  Mouth 

M 3 

3021 

9784 

Altenbrunslar 

R 4 

4822 

1986 

Altenbuecken 

M 3 

3220 

9565 

Altenburg 

R 4 

4822 

1781 

Alt  Muenden 

Q 4 

4523 

3216 

Anraff 

R 3 

4820 

9984 

Arbergen 

M 3 

2919 

7894 

Arsten 

M 3 

2919 

7593 

Aschwarden 

l 3 

2717 

5321 

Aulhausen 

N 3 

3719 

8107 

Babbenhauser 

P 3 

3719 

7601 

Baden 

M 3 

3020 

9089 

Bad  Lauterberg 

Q 5 

9040 

Bad-  Oeynhausen 

P 3 

3718 

7301 

Bad  Sooden 

Q 4 

5699 

Balge 

n 3 

3221 

9859 

Barkhausen 

N 3 

3719 

8107 

Barme 

M 3 

3121 

9871 

Battenfeld 

R 3 

6469 

Beclcm  (Reckum) 

M 3 

2717 

5214 

Beckwi  Sluice 

L 3 

2516 

4937 

Bergshausen 

Q 4 

4722 

2397 

Bergheim 

R 3 

4820 

9786 

Bever ungen 

Q 4 

4322 

3342 

Bierdem 

M 3 

2920 

8591 

B inner. 

N 3 

3320 

9448 

Blexen 

L 3 

2417 

5349 

Blunenthal 

3 

2817 

5509 

Bodenwerder 

P 4 

4023 

2276 

Bollen 

M 3 

2919 

8190 

Bonafort 

Q 4 

4523 

3113 

Bomhorst 

M 2 

3206 

Braake 

M 3 

2817 

6004 

Brake 

L 3 

2616 

5026 

Bremen 

M 3 

2918 

7099 

Brenen-N  euen  lande 

M 3 

2918 

7295 

*GSGS  Efeip  Series, 

Germany;  Geographic  Se 

ction  of  the  General 

Staff,  British  War  Office,  1944;  (available  from  Army  Map 
Service,  Corps  of  Engineers,  U.  S,  Amy). 
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Place  Nane 


"Nord  de  Guerre n 
Grid  Reference 


Sheet  No»fr 

GSGS  4416  GSGS  4414 
1:100,000  1:25,000 


Bremerhaven 

L 3 

2417 

5550 

Brevoerde 

P 4 

4022 

166Q 

Brinkum 

M 3 

2918 

7192 

Bruchhau sen-Vilaen 

M 3 

3120 

8672 

Buchholz 

N 3* 

3520 

6729 

Ruchhorst 

N 3 

3321 

9856 

Buehren 

N 3 

3320 

9549 

Bue ttel 

L 3 

2511 

5337 

Burhave  Sluice 

L 3 

2416 

4353 

Bursfelde 

Q 4 

4423 

3028 

Butjadingen  Land 

L 3 

2416 

4549 

Cuxhagen  (Guxhagen) 

R 4 

4722 

2191 

Cuxhaven 

K 3 

6487 

Dalheim 

Q 3 

4521 

0121 

Daverden 

M 3 

3020 

9586 

Dedesdorf 

L 3 

2*1? 

5139 

Dedesdorf  Plate 

L 3 

2516 

5040 

Deichshausen 

M 3 

2817 

5905 

Dennhausen 

Q 4 

4722 

2296 

Diemel  R«,  Mouth 

Q 4 

4322 

1839 

Diemel talsperre 

Q 3 

6909 

(Diemel  Dam) 

Deiael 

Q 4 

4422 

1734 

Dittershauaen 

Q 4 

4722 

2196 

Doerverden  Weir 

M 3 

3121 

9974 

Drakaiburg 

N 3 

3321 

9955 

Dreye 

M 3 

2919 

7792 

Eberacbuetz 

Q 4 

4422 

1228 

Edertalsperre 

R 3 

4820 

9288 

(Eder  Dam) 

Eder  River  Mouth 

R 4 

*♦  f <•*- 

2092 

Eidenrarden 

L 3 

2517 

5140 

Eisbergen 

P 3 

3820 

8801 

Eisael 

M 3 

3021 

9885 

Elafleth 

M 3 

2716 

4917 

Etrmem 

P 4 

3922 

1385 

Erder 

P 3 

3819 

8299 

Eachwege 

R 4 

6290 

Estorf 

N 3 

3420 

9544 

Fslkcn 

a 4 

7782 

Farge 

M 3 

2717 

5312 

Fischbeck 

P 3 

3821 

0795 

Flagenbalgen  Sluice 

L 3 

2516 

5045 

Frankenberg 

R 3 

4918 

7474 
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Flace  Narce 

Sheet 
GSGS  4416 
1:100,000 

No.*. 

GSGS  4414 

1:25,0a-) 

"Nord  de  Guerre1 
Grid  Reference 

Fritzlar 

It  3 

4821 

0782 

Firrstenberg 

Q 4 

4222 

1549 

Fu'.len 

P 3 

3821 

0396 

Fulda  R.,  Mouth 

Q 4 

4523 

3315 

Geestemuende 

L 3 

2417 

5649 

Ge^sto  R.,  Mouth 

L 3 

2417 

5649 

Gen sung en  (Gesungea) 

R 4 

4822 

1382 

Gerrnete 

Q 3 

4520 

9522 

Gier  shagen 

Q 3 

7414 

Gieselwerder 

- Q 4 

4323 

2535 

Gurte 

Q 4 

4523 

3217 

Golzwarden 

L 3 

2616 

4828 

Grave 

P 4 

4023 

1969 

Grifte 

R 4 

4722 

2091 

Grinder 

M 3 

3020 

9087 

Grohnde 

P 4 

39-72 

1681 

Grossemrieden 

P 3 

3821 

9998 

Orosso  Kaiser  Lock 

1 3 

2417 

5452 

Grosse  Sluice 

L 3 

2516 

4942 

Guntershauscn 

R 4 

4722 

2194 

Guxha gen 

R 4 

4722 

2291 

Habcnhausen 

M 3 

2919 

7595 

Haevem 

K 3 

3519 

8626 

Hagen  Grinden 

M 3 

3020 

9288 

Hagenohsoi 

P 4 

3922 

1485 

Haj  en 

P 4 

3922 

1679 

Hameln 

P 4 

3822 

1090 

Hann  Muenden 

Q 4 

4523 

3315 

Hasbergen 

M 3 

2917 

6298 

Hasenbueren 

M 3 

2818 

6403 

Kactedt 

M 3 

2919 

7597 

Havern 

N 3 

35?0 

8626 

Haueda 

Q 3 

4521 

0J21 

Hedemuenden 

Q 4 

4111 

Hohlen 

P 4 

4022 

1978 

Heltmrshausen 

Q 4 

4322 

1938 

Helminghausen 

Q 3 

6909 

Hemelingen  Weir 

M 3 

2919 

7596 

Hemfurth 

R 3 

4072 

9286 

Hersfeld  Fulda  Weir 

R 4 

3853 

Hu-stelle 

Q 4 

4322 

1639 

Hespringenhauscn 

Q 3 

7920 

Hessi  sch-Oldendorf 

P 3 

3821 

0398 

Hilwartshausen 

Q 4 

4523 

3218 

Hoexter 

P 4 

4222 

1354 

Hohenrode 

P 3 

3820 

9793 

le  - 


Sheet 
GSGS  4416 

Place  Name  It  IOC,  OCO 

! • 0 . • 

GSGS  4414 
1:25,000 

"Nord  do  Guerre 

Grid  Reference 

Holtorf 

M 3 

3020 

6866 

Hoi  trap 

P 3 

3715 

7601 

Holtrap 

M 3 

3220 

9663 

Holzbalge 

N 3 

3221 

9758 

HolzmindeB 

P 4 

4122 

1760 

Horstedt 

M 3 

2919 

8490 

Hoya 

M 3 

3120 

9568 

Hunte  R«,  Mouth 

M 3 

2716 

4917 

Hutbergen 

M 3 

3021 

9782 

Ilysee 

N 3 

3520 

8730 

Ir.tsehede 

M 3 

3020 

9386 

Joessen 

N 3 

3619 

8623 

K&eseburg  (Kueseburg) 

L 3 

2716 

5022 

Karlshafen 

Q 4 

4322 

1840 

Kassel 

Q 4 

4623 

2303 

Kcimade 

P 4 

4023 

2277 

Kirkchohsen 

P 4 

3922 

1484 

Kleine  K&iser  Lock 

L 3 

2417 

5451 

Xleine  Sluice 

L 3 

2516 

4939 

Kohlenstaedt 

P 3 

3820 

9700 

Kragenhof 

Q 4 

4623 

2509 

Lachem 

P 3 

3821 

0595 

lahde 

N 3 

3619 

8520 

Lamerden 

Q 3 

4421 

1026 

Iandesbergen 

N 3 

3420 

9340 

Lan  gwedel 

M 3 

3021 

9888 

Land  Wuehrden 

I 3 

2517 

5340 

Lankcnau 

M 3 

2818 

6701 

Latferde 

P 4 

3922 

1683 

Laubach 

Q 4 

3714 

Leese 

N 3 

3420 

9435 

Leeserirgen 

N 3 

3320 

9546 

Leesto 

M 3 

7288 

Leine  ft.,  Mouth 

N 4 

2660 

Lemwerder 

M 3 

2817 

5907 

Lesum  R.,  Mouth 

M 3 

2817 

5908 

Letzter  Heller  Dam 

Q 4 

3714 

Liebenau 

Q 3 

4521 

0723 

Liebenau  (in  Hannover) 

!T  3 

3320 

9346 

Lienen 

L 3 

2716 

4918 

I ippoldsberg 

Q 4 

4323 

2537 

Lohne 

P 3 

6400 

Lohre 

R 4 

4822 

1580 

Luechtringen 

P 4 

4222 

1656 

Lune  Lock 

L 3 

2417 

5547 

Lune  Plate 

L 3 

2517 

5244 

Lutter 

S 4 

4310 
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Sheet  Tip.* 

GSGS  4416  G$GS  4414  "N'ord  de  Guerre" 


Place  N?ne 

1:100,000 

1:25,000 

Grid  Reference 

Mahndorf 

y 3 

2919 

8194 

f/fendem 

R 3 

4821 

0232 

Mars berg 

Q 3 

4519 

7718 

Wehlbergen 

N 3 

3320 

9655 

Meh len 

R 3 

4320 

9586 

Wehringes 

V 3 

3120 

9571 

M.-inbrexen 

Q 4 

4322 

1545 

We]  sun  gun 

R 4 

2683 

Minden 

N 3 

3719 

8111 

Mittelsbuere  n 

M 3 

2818 

62C4 

Moorleme  Sluice 

L 3 

2716 

5022 

Muehlgraben 

R 4 

7782 

Muesleringen 

K 3 

3520 

8833 

Neclhaf 

P 3 

3820 

9499 

Neesen 

N 3 

3719 

8107 

Meuemuhle 

Q 4 

4722 

2299 

Nenenkirchen 

V 3 

2717 

5216 

Ueuenlar.de 

L 3 

2517 

5336 

N’euer  Hafen  Lock 

I 3 

2417 

5550 

Nruhof 

N 3 

3520 

9231 

Neumorschen 

R 4 

3175 

N iedervieland  Marsh 

M 3 

2818 

6400 

II  iedeimarsberg 

Q 3 

4519 

7819 

N iedcrmoellrich 

R 4 

4822 

1480 

Kienburg 

N 3 

3321 

9950 

Nordcnham 

L 3 

2516 

4943 

N order  Osterstade  Marsh  L 3 

2617 

5330 

Nord  Lock 

l 3 

2417 

5453 

Nor the im 

Q 4 

5648 

Obersmarsbcrg 

Q 3 

4519 

7717 

Oberr.ioellri  oh 

R 3 

4821 

1031 

Obcrvif'land 

M 3 

2918 

7295 

Oberwegvrurth 

3 4 

3040 

Cchtum  R.,  Mouth 

M 3 

2S17 

6005 

Oder  R.,  Mouth 

Q 4 

6344 

Oder  Valley  Dam 

Q 5 

9142 

(Odertalsperre) 

Oodelsheim 

Q 4 

4423 

2833 

Of fenwarden 

L 3 

2617 

5327 

Ohr 

P 4 

3922 

1186 

Ohscn-Tuendern 

P 4 

3922 

1286 

Oldenburg 

M 2 

2815 

3005 

0 Id  en  bu r g-We s e r-Ma r sh 

L 3 

2716 

5215 

Os sen dor f 

Q 3 

4420 

9324 

Ostcroae 

Q 4 

7450 

Osterstade  Marsh 

L 3 

2617 

5428 

Ovens tadt 

N 3 

3519 

8425 
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Place  Name 

Sheet  No.* 

GbGS  44lb  ObliS  4414 
It  100, 000  1:25,000 

"Nord  de  Guerre 
Grid  Reference 

Padberg 

Q 3 

7211 

Padingbuc  1 1'«  le  r 

L 3 

2316 

5067 

Pegestorf 

P 4 

4022 

2171 

Petershagen 

N 3 

3619 

8420 

Peterskopf 

R 3 

4820 

9085 

Polle 

P 4 

4122 

1567 

Porta 

P 3 

3719 

8106 

ft  uio-Bingartes  Mill 

R 4 

3853 

Rechtenfleth 

L 3 

2617 

5132 

Rchme 

P 3 

3719 

7602 

Rhume  R.,  Mouth 

Q 4 

5350 

Rieda 

M 3 

3121 

9877 

Rimbeck 

Q 3 

4420 

9125 

Rinteln 

P 3 

3820 

9200 

Roennebeck 

M 3 

2817 

5410 

Rohr  sen 

N 3 

3221 

0158 

Rotenburg 

R 4 

3968 

Roter  Sand  Lighthouse 

L 2 

3369 

Ruehle 

P 4 

4023 

2271 

Rumbeck 

P 3 

3821 

0096 

Salzuflen 

P 3 

6787 

Sand  stedt 

L 3 

2617 

5230 

Schaeferhof 

N 3 

3321 

9847 

Schluesselburg 

N 3 

3520 

9137 

Schmalenfleth 

L 3 

2616 

4830 

Schwa Ln  River  Mouth 

R 4 

4822 

1781 

Schwer  ingen 

N 3 

3221 

9862 

Sebbenhausen 

N 3 

3221 

9860 

Seehausen 

M 3 

2818 

6502 

Sielen 

Q 4 

4422 

1429 

Soesse  R.,  Mouth 

Q 4 

5948 

Soesse  Valley  Dam 
(Soesse  ltalsperre ) 

Q 4 

7852 

Specie 

Q 4 

4623 

2710 

Spichra 

R 4 

7571 

Spiekershausan 

Q 4 

4623 

2707 

Stapelshom 

M 3 

3120 

8871 

Stedingm  Marsh 

M 3 

2817 

5708 

Stedorf 

M 3 

3121 

9974 

Steinmuhle 

P 4 

4023 

1371 

Stolzenau 

N 3 

3420 

9135 

Streek 

M 3 

3020 

9068 

Strohausen  Plate 

L 3 

2616 

5032 

Sudderade 

M 3 

2717 

1721 
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Sheet 

"T7T2  r.  ?r. " 


GSG3  V: li- 

G3GS 4414 

T-'iord  de  Guerre  h 

i 

Place  Kane 

lt  lOO.OOC- 

li25,000 

Grid  Reference 

i 

Tettens  Sluice 

1 3 

2416 

5C50 

Thedinghausen 

M 3 

3020 

8686 

Treffurt 

R 4 

7484 

Trendelburg 

Q 4 

4422 

1732 

Twiste  R»,  Mouth 

Q 3 

4520 

9721 

Uessen 

K 3 

3020 

8390 

i 

Veckorhagen 

Q 4 

4523 

2923 

i : 

f t 

* 

Vegesack 

M 3 

2817 

5908 

$ 

Veltheim 

P 3 

3819 

8499 

Vcrden 

M 3 

3021 

0082 

Vlotho 

P 3 

3819 

7797 

1 

• 

Volkrrsrshause  t* 

Q 4 

4523 

3518 

i 

» 

| 

Vorbruch 

M 3 

2717 

2817 

j 

Waddens  Sluice 

L 3 

2416 

4752 

i 

Wahrbeck 

Q 4 

4323 

2337 

1 

I 

Waldocker  Talsperre 

R 3 

4820 

9288 

1 ? 

Warburg 

Q 3 

4520 

9922 

1 

\ 

Warfleth 

M 3 

2817 

5310 

1 

Weddev/arden  Sluice 

b 3 

2417 

5356 

j 

Wega 

R 3 

4821 

0182 

i 

Wehrbergen 

P 3 

3821 

0893 

1 

Wehrden 

Q 4 

4222 

1447 

i . 

Werderland  Marsh 

M 3 

2817 

6105 

< 

Wemshaus«n 

S 5 

8439 

Werra  R.,  Mouth 

Q 4 

4523 

3315 

Werre  R.,  Mouth 

P 3 

3718 

7403 

Wes er del  oh 

M 3 

2716 

4815 

Wesermuende 

L 3 

2417 

*652 

V/escr  R.}  Source 

Q 4 

4523 

3315 

Wester  gate  Channel 

M 3 

2716 

5018 

Wilhelnshausen 

Q 4 

4525 

2813 

Windheim 

N 3 

3520 

8625 

Winkel 

M 3 

3020 

9686 

Wolfershausen 

R 4 

4822 

1988 

Wolf sanger 

Q 4 

4623 

2705 

Wrexen 

Q 3 

4419 

8724 

Wulmstorf 

M 3 

3020 

9386 

Wulsdor f 

L 3 

2417 

5746 

Wurthf  leth 

L 3 

2717 

5322 
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APPENDIX  B 


GEOLOGY  OF  7JESER* 


^Abstracted  fmn  "Report  on  7eser  River  (less  Aller  River) 
Part  1,"  prepared  by  G.S.I.  (R.E.)  Hq  21  Amy  Group, 

March  1945. 


Geology  of  V-ESER  Rivor 


This  Appordix  is  b^sod  on  material  supplied  by  I.S.T.D. 

The  description  of  tho  rivor  courso  is  dividod  into  sootions  by  shoots 
of  G.S.Q.S.  4416. 

Attontion  is  directed  to  tho  naturo  of  tho  rivor  bonks,  rivor  plains  and 
neighbouring  hills  as  a souroo  of  constructional  matorial. 

Liability  to  flooding  and  naturo  of  vogetation  aro  not  doalt  with 
spocifioally* 

A.  SHEET  Q.4* 

1 d 

Tho  rivor  valley  avorngos  £ mile  in  wi^h  widening  in  plaoos  to  a milo, 
narrowing  in  gorges  to  \ milo  or  loss*  On  oither  sido,  sonds+'ono  hills  with 
stoop  slopes  rise  to  984  - 1312  ft*  abovo  soa-lcvol*  Tho  lowor  hill  slopos 
aro  looss*  covorod*  The  rivor  plain  is  loam,  sandy  and  gravelly  in  parts, 
with  ^ell-markod  torraoos* 

Hann  Mundon* 

Hann  Uunden  3415  lies  on  a small  loess  and  loam  ooverod  plain  whero 
tho  rivors  Werra  and  Fulda  moot*  surroundod  on  all  sides  by  sondstono  hills. 
To  tixo  Wost  of  tho  town,  Stauffonkuppel  hill  is  built  of  a basalt  plug  3/4 
milo  wido*  Furthar  to  the  North-West  Gahrenberg  2817  is  anothor  largor 
basalt  mass*  Tho  rivor  banks  and  plain  in  this  aroa  aro  of  loam* 

Volkmarshauson*  3518. 


Tho  rivor  plain  is  mainly  of  gravel  and  sand*  Tho  sondstono  hills 
aro  covorod  in  thoir  lowor  parts  by  loess  to  South  and  West  of  tho  townj 
thoro  is  a small  marsh  South-V<ost  of  tho  town. 

Vopkorhagon*  30241 

Rivor  banks  of  loam*  Rivor  plain  of  loam  and  loess  with  torraoes  of 
gravel  and  rivor  sand*  At  foot  of  hills  aro  alluvial  conos  of  sand  and 
gravol,  on  ono  side  of  yiiich  the  t«wn  Vookorhagen  is  situatod*  Hills  #f 
sondstono* 

Veokorhagen  - Odolshoim*  2934* 

Narrow  river  valloy  flankod  by  sondstono  hills*  Rivor  plain  of  loam 
and  looss  chiefly  as  torraces*  South-East  of  Gottsburon  2233,  and  Wost  of 
Heaoin  3024  thoro  ora  hills  of  basalt* 

Odolshoim  - Holmarshauson*  1940. 


Sondstono  hills  on  oaoh  sido  of  river,  lowor  slopos  I0003  covered 
especially  aro’tnd  Bcdonfelds  2640,  Rivor  plain  mainly  loam  oxoept  around 

•Loess  is  a fine  sandy  loom  deposited  by  wind*  *t  is  usually  well-drained 
but  it) on  wot,  it  is  very  sticky. 


Wahnbock  2438  and  Lippcldsbcrg  2658 , viioro  sandy  gravol  banks  uro  dovciopod* 
H.;lnr.rshauson  - "'ohrdcn*  1447* 

Hills  to  East  uro  still  sandstono  but  to  West  of  valley  the  rocks  arc 
limostono  und  shalos*  Rivor  plain  widens  and  gravol  banks  bocomo  more  numer- 
ous chiefly  along  tho  right  bank*  Tho’-e  uro  patches  of  loess  on  tno  lowor 
hill  slopos* 

Wohraon  - odge  of  shoot. 

Hills  to  Wost  uro  capped  by  hard  limostono.  To  S' st  of  rivor,  axndstonc 
hills  with  steep  slopos*  Rivor  plain  looss  and  loam  terraoos  vrith  gr  vol 
bunks  along  river  and  also  along  foot  of  hills  East  of  rivor* 

B.  SHE  ?T  F4. 

Avorago  ?4dth  of  rivor  valley  3/4  mile,  narrowing  to  w milo,  widening  to  1^ 
milos  in  places*  On  both  sidos  of  rivor,  hills  riso  to  820  - 984  ft.  Along 
East  side  of  valley  sandstono  occurs  as  far  North  as  Bodonwordor  2377, 
oxcopt  for  some  limostono/ shale  hills  botwoon  Lobach  2365  and  Pegostorf 
2071*  North  of  BodonwGrdor  hills  to  East  of  rivor  aro  of  limostono/shalo 
sorios*  Along  Wart  sido  of  river  valloy,  tho  mils  uic  of  limcstonc/shalcs 
vrith  a capping  of  hard  limostono*  North  of  Bodonwordor..  Most  of  valloy,  and 
also  South  of  Homoln  1291,  youngor  rocks  of  shalos,  sandstones  and  dolomitos 
with  gypsum  and  coal  bods  occur  locally*  Along  tho  river  valloy  looss 
oovors  tho  lower  hill  slopos  and  parts  of  the  valloy  floors*  Terraoos  of 
sand  and  loam  bocomo  increasingly  important  Northwards  from  Grohndo  1682 
oxpocially  around  Hamoln*  South  of  Grohndo  sand  bunks  and  terraoos  aro 
woll-markod  on  tho  innor  parts  of  tho  river-bends* 

Hoxtor  1455  - Holzmindon  I860* 


Rivor  alluvium  mainly  sand*  Throe  terraces  riso  tov,ardc  hills;  that 
aro  composod  of  loom  and  looss  underlain  in  parts  by  sand  and  gravel*  Along 
the  river  courco,  pockots  of  sand  and  gravol  occur*  Looss  covers  largo 
aroas  ^ost  and  East  of  Holzmindon. 

Holzmindon  - Folio  1558* 


Gontlo  slopod  hills  oach  sido  of  rivor  composed  of  thin  boddod  limo- 
stoncs  and  shr.los  with  tho  hilltops  composod  of  hard  limostono*  Rivor 
alluvium  mainly  sand  with  somo  gravol  and  loam  patchos,  flanked  by  looss 
and  gravol  torracos*  ! orth -South  bolt  of  old  river  clay  East  of  rivor 
noar  Bovorn  2164  which  is,  itsolf,  on  a gravol  bank* 

Polio  - Ha.los  1780* 

rrom  Pogostorf  2072  to  Bodonwordor  2377  hills  East  of  tho  rallov  aro  of 
sandstono.  Elsowhoro  in  this  soctio..  the  hills  uro  of  thin  lirr.ostonos 
and  shales,  most  of  the  hills  having  a c apping  of  hard  limostono*  On  tho 


-2- 


lower  hills lopes,  rocks  are  chiefly  clays  with  an  extensive  cover  of 
loess.  'One  mile  South-East  of  Helken  1978  there  is  a gravel  hill.  Along 
the  river  valley,  the  banks  are  of  loam  with  a narrow  band  of  river  loam 
on  each  side#'  Then  come  terraces  of  loess  and  gravel.  Between  Pegestorf 
and  Boderwerder,  the  sandstone  hills  East  of  the  river  have,  at  the  foot 
of  their  slopes,  accumulations  of  r6ck  boulders  and  pebbles  (screes), 

Hajen  - Kirchokeen.  14&i, 

Right  bank  of  river  sandy  to  gravelly  backed  by  low  terraces  of  loam 
(which  is  sandy  in  parts)  and  olay.  At  Kagenoksen  1585  a limestone  cliff 
overlooks  the  river  bank.  The.  left  bank  of  the  river  is  mainly  loam  with 
a few  gravel  patches,  West  of  which  there  is  an  extensive  belt  of  terraced 
loam  and  loess  which  also  covers  the  lower  hill  slopes  practically  every- 
where. For st  Grohnde  hill  to  West  is  built  of  sandstone;  elsewhere  the 
hills  are  chiefly  shales  with  limestone  bands  in  places, 

Hameln,  1291. 


Narrow  belt  of  sand  and  gravel  along  river  flanked  on  each  side  by 
loam  plain  up  to  1,000  yards  wide  (on  which  town  is  built),  Forst  hill  to 
North-East  is  of  limestone,  hard  in  parts.  Lower  hills  to  south-west  of 
town  are  of  dolomite  marls  with  hard  limestone  bands.  Lower  hi 11s lopes 
covered  by  loess.  Just  north-east  of  Hameln  some  small  hills  are  capped 
by  gravel  terraces. 

C.  SHEET  P.3. 


Within  the  large  river  loop  between  Rinteln  and  Porta  8005  there  are 
extensive  loess  and  gravel  terraces  which  continue  eastwards  along  ;the  North 
bank  of  the  river  to  Hess  Oldendorf  0398,  The  east-west  ridge  running 
along  the  North  of  the  river  is  built  of  oolitic  limestone  in  its  upper 
part,  underlain  by  shales,  ironstones  and  sandstone  beds  which  farm  the 
southern  slopes  overlooking  the  Weser  Valley.  South  cf  the  river  the  hills 
are  composed  of  sandstone  and  limestone  with  shales  in  the  valleys;  the 
lcwrer  hill  slopes  are  covered  for  the  most  part  by  loess. 

The  river  plain  in  this  sheet  is  covered  mainly  by  6,6  - 13.1  ft,  of 
river  clay  loam  overlying  13,1  - 23,0  ft,  of  sand  and  gravel.  The  sand  and 
gravel  comes  to  the  surface  on  terraces  along  the  valley  sides, 

Wehrborgen  0893  - Grosswieden  0098, 

The  river  plain  is  composed  of  loam  with  many  winding  depressions  of 
river  clay.  The  river  banks  are  predominantly  sandy  to  gravelly.  The 
hills  to  the  south-west  are  of  dolomitic  marls  capped  by  hard  sandstones 
and  quartzites.  To  north-wost  of  the  river  the  hills  are  of  limestone 
overlying  clays  which  outcrop  in  the  valleys.  Lower  hill-sloj»s,  through- 
out this  section,  are  extensively  covered  by  loess. 

Grosswieden  - Eisbergen  8801, 

River  banka  of  gravel  and  sand.  River  plains  of  loam  with  3 little 
gravel  near  Rinteln,  Ridge  to  north  of  massive  limestone  (sandy  in  parts. 
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with  iron  ore  beds)  underlain  by  clays  which  form  the  lower  hill  slopes, 
chief 3y  loess  covered,  facing  the  Weser  valley.  Gravel  accumulations  arc 
widespread  along  the  foot  of  the  ridge.  North  of  Eisbergen,  and  just  south 
of  Steinbergen  9502  there  are  local  clay  areas.  South  of  the  river  the 
hills  are  of  sandstone,  underlain  by  clays  in  the  valleys,  Frcm  Kranken- 
haven  9296  to  Stemnen  8793  there  is  a belt  of  glacial  grave ! 
mary  of  the  lower  hill  slopes  and  smaller  valley  sides. 


Eisborgen-Babbenhausen  7601 

The  river  cuts  a gorge  through  sandstone  rock.  The  river  banks  are  of 
sand,  flanked  by  a narrow  bolt  of  river  loam.  Hills  to  north  of  Ufi'eln 
7898  of  sandstone.  North  of  Veilheim  8400  there  is  a large  patch  of  glacial 
clay  sand  and  gravel.  Hills  t:  the  south  of  the  river  are  of  various  rock 
types;  a sandstone  ridge  runs  approximately  west-north-west-east-southeast 
south  of  Varenholz  8598.  Further  south  there  are  limestone  hills  south 
of  Kalld  jrf  ol96  and  more  sandstone  hills.  The  intervening  valley  tracts 
are  cut  in  clay  rocks  with  much  surface  glacial  clay.  Loess  is  confined 
to  small  patches  in  the  valley  sides. 


Babbe  nlxa  use  n- Porta 


Between  the  sand-stone  gorge  at  Vlotho  and  the  limestone  gorge  at 

Porta,  the  river  forms  a local  plain.  Here  the  river  banks  and  plains  are 

of  loam  with  patches  of  fine  sand  and  gravel.  East  of  the  river  and  rail- 
way, there  is  an  extensive  terrace  of  loess  and  gravel.  Vfest  of  the  river, 

the  ground  rises  to  form  1 an  hills  of  limestone  and  clay  rocks,  with  a small 

belt  of  1 >am  and  loess  on  the  river  side. 

D.  SHEET  N.3. 


Th®  Weser  river  enters  the  North  German  plain  at  Minden  8111.  The 
river  plain  does  not  shew.'  any  sudden  change.  Away  fr-vc  the  river  however, 
the  hills  have  given  place  abruptly  to  low  undulating  tracts  and  terraces 
of  soft  rocks  (i>ess,  loam,  sand  and  gravel)  in  the  depressions  f wnich 
are  Vide  stretches  of  swampy  ground  and  marsh.  The  river  plain  is  char- 
acterized as  aojve  Minden,  by  a narrow  belt  of  river  alluvium.,  mainly  clay 
loam,  with  marginal  terraces  of  sandy  to  gravelly  composition  which  are 
more  extensive  and  continuous  than  in  the  hill  country  further  south. 
Djwnstream,  the  bolt  of  river  alluvium  gradually  widens  to  approximately 
2 miles  at  Nienburg,  the  river  course  winding  from  side  to  side. 

Minden  area. 


Rivnr  banks  of  fine  sand  and  loam.  South  of  the  town  there  is  a 
small  river  plain  of  loam.  The  town  itself  is  located  on  a loess  terraoe. 
East  and  west  of  the  river  plain,  there  is  a bolt  of  loam  terrace,  under- 
lain by  sand  gravel.  Westwards  fr.m  Rodenbeck  7810  the  terrain  becomes 
marshy  and  the  soil  clayey.  Eastwards  from  Meissen-Dankersen  8403-8412 
the  sub-surface  is  clay  covered  in  places  by  loess  which  is  often  coarse 
grained.  South  of  Minden  the  lower  slopes  of  the  Weser  Gebirge  are  loess 
covered  with  patches  of  marly  soil. 
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Petorshagen  Area  &L22, 

Fran  Minden  to  Petorshagen,  the  river  is  confined,  rather  closely, 
between  high  terraces  on  the  west,  of  clay  rocks,  and  lower  terraces  on 
the  east  of  fine  sandy  loam  and  gravel.  The  river  banks  are  of  clay  loam, 

Petershagen-Nienburg, 

• Detailed  information  is  absent.  Along  the  left  bank  to  St  >lzonau 
9136  dry  elevated  terraces  are  close  to  the  river  course  for  the  most 
part.  Along  the  rignt  bank  large  stretches  of  river  alluvium,  mainly  clay 
loam,  are  predoninant,  interrupted  in  places  by  terrace  spurs.  North  of 
Stolzenau  the  river  is  flanked  on  both  ha.wk.q  by  river  alluvium  and  low 
ground  of  clay  loam.  The  terraces  set  back  a mile  or  so  fran  the  river 
are  most  extensive  to  the  West;  to  the  east  they  are  narrow  and  are  replaced 
eastwards  by  marsh  and  swamp.  North  of  N’ic.'.burg,  the  right  bank  of  the 
river  bec<mes  more  favourable  due  to  the  presence  of  loess  sand  and  loam, 
but  details  of  its  extent  and  nature  are  not  available. 

E.  SHEET  M.3. 


Detailed  information  is  only  available  for  the  northern  part  of  the 
river  course,  in  the  Bremen  area.  The  part  above  Vorden  is  kn'wvn  imper- 
fectly. Here  the  river  alluvium  chiefly  clay  loam,  forms  a broad  belt  2 
miles  wide  which  becomes  more  and  mor-  marshy  down  river.  Along  the  left 
bank,  the  high  terrace  margin  swings  away  from  the  river  near  Hqya  9569 
so  that  the  river  alluvium  is  flanked  by  lower  ground,  normally  dry,  but 
liable  to  flooding  or  water- logging.  Along  the  right  bank,  conditions 
are  more  favourable  due  to  the  presence  of  a low  sand-dune  belt  (probably 
3andy  loam)  interrupted  south  of  Yerden  by  the  marsly  flood  plain  of  the 
Aller  river* 

Below  Verden  there  is  a rapid  deterioration  in  the  nature  of  the  river 
banks  and  plain.  The  river  alluvium  is  mainly  a clay  belt  broadening  to 
5 miles  belc*r  Bremen,  (the  vertical  thickness  of  which  increases  downstream) 
underlain  by  sand  and  gravel.  The  river  banks  may  be  occasionally  sarxly, 
but  their  foundations  will  always  be  clayey  and  soft  with  low  bearing 
strength.  Along  the  north  bank,  sand-dune 3 (chiefly  fine  sandy  loam)  form 
higher  drier  gr  mnd  along  a narrow  belt  on  whichBremen,  and  Achim  arc  lo- 
cated. Along  the  left  bank,  however,  the  marafij^ex  tends  for  sane  distance 
(5  miles)  fran  the  river  before  drier  sandy  ground  occurs.  The  terraces, 
if  present.,  lie  mare  than  10  miles  south-west  of  the  river.  Everywhere  in 
this  district  swampy  tracts  are  frequent,  but  peat  does  not  appear  t > be 
prevalent. 

Horsted-Hemlingen  8490-7596 

Thi3  part  has  a surface  cover  of  heavy  soft  marsh  clay  down  to  a 
depth  of  about  9.8  ft.  below  which  firmer  sand  gravel  and  clay  has  been 
proved  to  164  ft.  and  more  below  surface.  The  river  banks  are  clayey 
except  along  the  inner  banks  of  the  river  bends,  more  especially  the  east 
bank  north  of  Dreye  7792  where  sand  occurs,  Habenhausen  7594  is  on  a sandy 
area.  The  marsh  clay  extends  south-westwards  to  Brinkum  7191  and  Kirchwreye 
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7689  where  fairly  dry  sandy  ground  begins.  North  of  the  river  the  marsh 
$Iay  gives  place  to  fine  waterlogged  sand  south  of  Uphunen  8392.  Then 
somcs  the  Achim  8892  - Uphusen  - Hastedt  7797  bolt  of  dry  sand  and  sandy 
loam  which  extends  north-westwards  under  Bremen. 

t • 

Bremen. 

The  North  river  bank  consists  of  a narr;*f  clay  belt.  (500  yards  wide), 
then  the  sand-dune  belt  (1,000  yards  wide)  forming  slightly  higher  ground 
on  which  the  city  is  built,  then  marsh  clay  returns  further  to  the,  North- 
West,  e.g,  in  the  city  Park  7401.  South-Wost  of  the  river,  marsh  clays 
extend  to  a line  from  Brink  urn  through  Huchting  6796  to  Hasborgen  6298 
where  sandy  dry  terrain  begins  with  patches  of  marshy  clay  ground  aling 
old  river  course*  (aligned  mainly  North-South).  A large  sand-bank  lies 
North  of  Woltmershauservolt  6900  on  tho  West  side  of  the  river.  Consid- 
erable portions  of  the  river  banks  have  been  altered  by  port  construction 
work,  a factor  not  taken  into  consideration  in  this  report.  In  tho  Bremen 
area  borings  show  that  the  mareh  clay  is  9.8  - 16.4  ft.  thick,  overlying 
sand  and  gravel  to  a depth  of  164  ft,  or  so. 

Bremen  - Braake.  6004. 

Along  the  right  bank  of  the  Woser,  the  narrow  sand  dune  belt  (1  mile 
wide)  continues  from  the  N.W.  outska  us  of  Bremen  to  Burgdamm  6509  broken 
inly  by  the  River  Lesum.  Between  this  sand  dune  belt  and  the  river  and 
north-west  of  the. docks  area,  marsh  clay  forms  a large  tract  frtci  Mittols- 
buren  62C4  to  Sesumbrok  6107.  The  left  bank  of  the  Weser  in  this  area  is 
partly  of  sand,  partly  of  clay  adjacent  to  the  river,  backed  by  waterlogged 
marsh  clay.  Borings  prove  that  the  marsh  clay  is  about  13.1  ft,  deep, 
under  which  another  13.1  ft.  of  peaty  clay  occurs,  before  sand  is  encoun- 
tered; the  deposits  are  quite  soft  to  a depth  of  39.4  - 49.2  ft, 

Braake  - Farge  3312. 

From  the  north-west  outskirts  of  Bremen  to  Vegesack  6009  both  sides 
of  the  river  are  of  heavy  marsh  clay  except  for  a large  sand  bank  at 
Braake  (wost  side  of  river)  and  a narr ow  sand  bank  fr.an  Niederburcm  6105 
to  Vegesack  (east  side  of  river).  From  Braake  to  Burdcnfleth  5609  the 
river  bank  hap  been  built  up  artificially.  Small  sand  patches  lying  >;n 
top  of  the  ma^sh  clay  oecur  at  Altenesch  59C4  and  Dcichshausen  5906.  At 
Dcichfhausen  6101  a sand  zone  extends  n irthwards  towards  the  Weser  river 
along  the  west  bank  of  the  River  Ochtum. 

Downstream  ir  m Vegesack  surface  conditions  aro  similar  t. . those  at 
Bremen.  The  north  river  bank  has  a narrow  clay  belt  backed  by  a narrow 
sand  dune  zone  on  which  Grohn,  Vegesack,  Blumenthal  and  Fargo  arc  situated; 
behind  this  sand  zone,  marsh  clay  appears  once  more  and  extends  to  the 
northeast,  but  the  terrain  is  higher  in  altitude  and  well  drained.  Along 
the  south  bank  of  the  river,  marsh  clay  covers  the  river  plain  south- 
westwards  te  a line  through  Moor  5301  and  Hude  4802  where  fairly  dry  sandy 
ground  begins.  In  tho  Vegesack  area,  tho  marsh  clay  is  U,1  - 16.4  ft. 
thick  lying  on  sand  and  gravel. 
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The  surface  is  waterlogged  salt  marsh  clay  along  both  sides  of  the 
river,  especially  to  the  west.  Five  to  ten  miles  east  of  the  river  slightly 
drier  sandy  ground  begins  but  even  here  the  water  table  is  very  near  the 
surface* 

Qsterstade  - Wuhrden 

Along  this  tract  east  of  the  river,  marsh  clay  f oms  a north-south 
belt  15  miles  long,  3-5  miles  wide,  the  land  surface  being  but  6,6  ft. 
above  sea  level.  Borings  at  Ne.ienlande  5336  proves  clay  to  a depth  of 
5f .8  ft,  with  a peaty  bed  from  19.7  - 26,2  ft,  below  surface.  Below  55,8 
ft,  sand  and  gravel  form  a 9.6  ft.  thick  bed  lying  on  old  firm  river  sands 
and  clays  which  have  been  encountered  down  to  190  ft,  below  the  surface. 

West  of  the  river  marsh  clay  is  universal  except  for  the  river  banks 
which  are  sandy  in  places.  Borings  at  Rodenkirchen  4835  proved  13.1  ft. 
of  recent  marsh  clay,  then  16.4  ft.  of  old  marsh  clay,  then  firm  sand  and 
clay  below.  At  Blexen  5248  the  marsh  clay  is  probably  66  - 82  ft.  thick. 

It  is  useful  to  note  that  the  firm  sands  underlying  the  marsh  clay  are 
shallowest  under  the  river  banks,  deeper  away  from  the  river  towards  the 
west  and  deepest  under  the  river  ,bed;  and  also  that  the  artificial  dykes 
have  caused  sudden  changes  in  the  surface  deposits  so  that  on  one  side  of 
a dyke,  there  may  be  sand,  .whilst  on  the  other,  marsh  clay  may  occur. 

Bremer haven. 


The  river  swings  eastward  to  the  edge  of  the  marsh  clay.  The  town  is 
situated  on  drier  sandy  ground  but  details  are  not  available.  A water  table 
close  to  the  surface  must  be  expected. 

Landewursten, 

North  of  Bremer haven  the  river  swings  westwards  and  a marsh  clay  belt 
forms  the  east  bank  (coastline) 

0.  RIVER  TERRACES . 


Frequent  mention  has  been  made  of  terraces  in  the  Weser  River  Valley 
mainly  in  the  hill  part.  No  heights  have  been  given  since  their  determi- 
nation would  have  meant  considerable  expenditure  of  time. 

Hcwever,  it  is  possible  to  summarize  the  position  as  follows :~ 

I*  The  Hilly  Part  above  M laden 

Here  three  terraces,  an  upper,  a middle  and  a lower,  have  been  dis- 
tinguished, All  three  terraces  increase  in  height,  above  river  level,  up 
river,  mare  or  less  regularly.  At  linden,  the  lower  terrace  is  9.8  ft, 
above  the  river  level,  the  middle  terrace  26.2  ft.  and  the  upper  terrace 
49.2  ft.  At  Bann  Munden  the  lower  terrace  is  6,6  ft,  - 9.8  ft.  above 
river,  the  middle  terrace  49.2  ft,  and  the  upper  terrace  85,3  ft. 
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2.  The  Lowland  Part  balwr  Mirrien 


Here  the  upper  terrace  is  usually  absent  or  some  distance  away  fron 
the  river.  The  lower  and  middle  terraces  are  usually  well  developed  ex- 
cept in  the  lcwer  river  reaches  below  Verden.  Tnere  does  not  appear  to 
be  much  reduction  in  height  above  river  level  as  v,-e  go  downstream.  The 
middle  terrace  remains  about  26.2  ft*  above  river  level,  the  lower  terrace 
about  9*8  ft.  above  river  level. 

Usually  the  terraces  are  well  drained  loams,  sands  and  gravels;  the 
higher  the  terrace  the  coarser  the  subsoil  tends  to  be;  but  also  the 
higher  the  terrace  the  less  extensive,  and  the  more  discontinuous  it  be- 
comes, sinco  it  has  been  subjected  to  wearing  away  for  a much  longer  uime* 
Loess  terraces  are  exceptional  in  this  respect;  they  are  usually  fire 
. grained  and  equally  extensive  at  all  altitudes  above  the  river  level;  they 
have  been  deposited  by  wind  on  high  and  low  ground  more  or  loss  simulta- 
neously,- 


H.  Sources  of  Information 


1.  Geologise he  Kartevan  Preussen  und  Benachbarten  deutschen  Iand9rn. 
Scale  1:25,000.  Sheets  55/32,  26,  13,  7,  2,  1;  41/55,  4,  9,  54, 

53  , 52;  40/46;  23/5S,  57,  50. 

2.  Geologische  Ubersicht  Karte  van  Deutschland.  Scale  1:  200,000. 

Sheets  80,  99,  112. 

3.  Geologische  Karte  des  Deutschen  Reich*  (Depsius),  Scale  1:500,000 
Sheets  7 and  13. 

4*  ''Handbuch  der  Vergleichendes  Stratigraphic  Deutschlands  - ALLUVIlla" 
(S toller)  Berlin  1931. 

5.  ”Beitrage  zur  Kanntnis  des  Pliocans  und  der  diluvialen  Terrassen  in 
Fluasgebiot  der  Weser"  (Siegert)  Abband  dar  Preuss,  Gool.  Landesan- 
stalt  Neue  Folge:  Heft  90:  1921. 
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APPENDIX  C 


DESTRUCTION  AND  PROTECTION 
OF  DAMS  AND  LEVEES* 


^Translation  of  "Zerstoerung  und  Schutz  von 
Talsperren  und  Dacrmen,*  0.  Kirschmer, 
Schweizerische  Bauzeitung,  14  May  1949, 
pp.  277-81  and  300-303. 


DE5TRJOTTON  AND  PROTECTION  OF  DAMS  AND  LEVEES 


During  World  War  II  three  of  Germany’s  dams  located  on  the  MOHNE, 
SORPE  and  EDER  Rivers  were  attacked  on  the  same  night.  This  operation 
was  carried  out  by  the  Royal  Air  force  during  the  night  of  16  and  17  May, 
1943  as  a lov.-level  surprise  attack  iron  a height  of  approximately  18  m, 
using  special  heavy  rotating  bombs  (Roll  Bombs),  Figures  1 and  2 show 
the  location  of  these  works.  The  flood  wave  released  by  their  destruc- 
tion caused  widespread  devastation.  To  obtain  a basis  for  the  prepara- 
tion of  plans  for  precluding  or  reducing  damages  from  such  occurrences 
in  the  future,  these  flood  waves  were  later  carefully  studied.  It  is 
believed  that  the  results  of  these  investigations  are  of  sufficient 
general  interest  to  be  published. 

1,  Description  of  the  Dsras  and  the  Danages. 

A.  The  MOHNE' Dam. 


This  dam  was  built  in  the  period  1908-1913,  from  a 
design  by  E.  LINK,  mainly  for  the  purpose  of  providing  domestic  and 
industrial  water  supply  in  RUHR  area.  The  drainage  area  above  the 
dam  is  430  km2,  the  average  annual  inflow  is  240x10®  m3,  the  reser- 
voir capacity  is  134x10°  m3,  and  the  si',  face  area  is  10.2  km2.  This 
gravity  dan  with  an  arched  axis  is  650  m long  at  the  crest  and  40  m 
high,  (Maximum  water  level  32  m).  The  top  width  is  6.25  m and  the 
base  width  34  m (Figure  3)« 


The  attack  by  the  Royal  Air  Force  was  carried  out  during  the 
period  when  the  reservoir  was  completely  full.  On  17  May  1943  at 
12:49  ajn.,  a barb  exploding  close  to  the  face  of  the  dam  approximately 
10  m below  the  water  surface  breached  the  upper  part  of  the  dam.  A gap 
76  m wide  at  the  top  and  22  m deep  developed  in  the  center  of  the  dam. 
Within  the  next  12  hours  116x11°  m3  of  water  escaped  through  th£s  breach. 

On  the  16  of  May  1943  the  storage  in  the  reservoir  was  132.2x10^  np.  It 
was  later  determined  that  the  initial  rate  of  flow  through  the  gap  was 
8,800  m3/sec.  In  the  narrow  MOHNE  Valley  this  caused  a surge  10  m high 
which  caused  great  destruction.  This  surge  was  considerably  higher  than 
the  highest  flood  of  record,  the  flood  of  1890,  Approximately  1200  lives 
were  lost.  All  buildings  situated  on  low  ground  between  the  dam  and 
RAGUI  (approximately  65  km  dowstream)  were  either  swept  away  or  damaged. 
All  bridges  for  50  km  downstream  were  destroyed.  Eye  witnesses  report 
that  the  water  piled  up  as  high  as  2 m on  the  bridges  before  they  collapsed. 
The  power  stations,  No.  I located  at  the  foot  of  the  dam  (4,800  kw  out- 
put, four  generating  units),  and  N;.  II  (300  kw,  two  generating  units) 
located  at  the  re-regulat ion  pool  at  GINNE,  just  disappeared.  At  the 
confluence  of  the  RJHR  and  the  RJINE  Rivers  (148.5  kn  from  the  MOHNE 
Valley  dam)  the  stage  rose  about  4 ir.  when  the  crest  of  the  flood  wave, 

25.5  hours  after  the  catastrophe,  passed  there.  This  meant  that  the 
discharge  of  the  RHINE  River  increased  byllOO  nr /sec. 


The  effect?  of  thp  rupture  of  the  MOHNE  dam  were  very 
serious  because  on  one  hano  this  dam  was  the  min  30u rce  for  the 
water  supply  cf  the  densely  populated  WJHR  area,  and  on  the  other 
hand  its  ruptui  e flooded  most  other  water  supply  plants  in  the  RJHR 
all  the  way  to  ESSEN  and  put  them  out  af  ^ormlssion . A large  nurbor 
of  towns  like  HAM®,  HAGEN,  BOCHUM  tod  ED8TWWTD  were  without  water. 

Also,  the  pump  storage  plant  liBRDECKE  the  RUHR,  60  km  below 
the  MOHNE  dam,  which  with  It#  ^^,000  kw  OuVpul  is  one  of  the  most 
important  power  stations  of  tte  flMCfifJ^CE-SflSSTFALISGiEN  Electric 
Power  Company  (RWE),  could  not  operate  for  14  days  because  its  power 
house  was  under  2 m of  water. 

B,  The  SOPPE  Lam. 

Here  we  deal  with  a dam  corwtnacted  in  the  period  from 
1922-1933  as  an  earth  fill  structure  with  a watertight  concrete 
core  wall  also  designed  and  built  under  the  direction  of  E.  LINK 
(Figure  3).  The  height  of  this  dam  above  the  valley  floor  is  60  m, 
the  maxim  \m  water  depth  is  57  m,  and  crest  5s  700  m long.  The  up- 
stream and  downstream  slopes  at  the  center  of  the  dam  are  1 on 
2,25  and  1 on  2.50,  respectively,  To  make  it  difficult  for  water 
to  penetrate  the  dam  the  upstream  part  ih  constructed  of  impervious 
material  covered  by  a protective  layer*  The  downstream  part  is 
constructed  of  pervious  rmterial  to  allow  that  rater  which  seeps  through 
the  impervious  part  and  the  core  wa3  1 to  drain  as  fast  as  possible. 

The  storage  capacity  of  the  90RPE  reservoir  is  81x10°  np.  When  com- 
pletely fall  a lake  of  3*8  km^  is  created.  The  annual  flew  of  water 
from  the  ratchment  area  into  the  reservoir  i3  31x10°  m3. 

The  air  attack  cm  the  S0RPE  dam  was  carried  out  at  the 
sane  hour  a3  the  one  on  the  MOHNE  dam , apparently  with  the  intent  to 
cause  than  to  fail  simultaneously.  This  earth  dam  however  did  not  fail. 
although  the  crest  of  the  dan  received  two  direct  hits  which  created 
crater 8 12  m deep.  The  attacks  on  the  S0RPE  dam  were  later  repeated 
several  times,  including  a concentrated  attack  on  16  October  1944.  In 
all  these  attacks  11  hits  were  scared  on  this  earth  dam  without  caus- 
ing a collapse  or  leakage.  After  thr  first  attack,  however,  the  water 
level  in  the  reservoir  was  lowered  a few  meters  as  a precautionary 
measure. 


The  fact  that  the  gravity  rmsonry  dam  on  the  MOENE  was 
ripped  open  while  the  earth  dam  across  the  S0RPE  withstood  the  attack 
is  of  decisive  importance.  The  effect  on  the  RUHR  area  would  have 
boon  of  catastrophic  proportions  if  the  S0RPE  valley  reservoir  also 
would  have  run  out  during  those  early  morning  hours  of  the  17  of  ifcy  1943, 
and  the  twu  flood  uavea  TOuld  have  ccmibined  and  superimposed  thonselvas 
on  each  other, 

C.  The  EDER  Dam. 

This  dan  is  located  at  TttLDECK  in  the  vicinity  of  KASSEL 
and  was,  after  the  successful  action  against  the  MOHNE  dam,  the  target 
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of  the  saiTE  Royal  Air  Force  outfit.  111030  two  dans  are  only  80  k m 
airline  distance  apart.  The  EDER  dan  is  Genriany’s  second  largest  dan 
(second  only  to  the  BLEILOCv  dan  on  the  upper  SAALE  in  THURINGEN), 
and  was  constructed  in  the  years  1908-1913  as  a rubble  masonry  gravity 
structure.  This  dan  stores  202x10°  m3  water,  and  when  ccnpletely  full 
creates  the  impressive  and  booutiful  KDER  Lake  v/hich  covers  an  aroa 
of  11.7  km2.  The  average  annual  inflow  into  the  reservoir  is  500x10°  ir/. 
The  EDER  Lake  augments  low  flows,  holps  control  floods  on  the  FULDA  and 
WES5R  River,  benefits  navigation,  and  supplies  the  MITTELIAND  canal 
with  water.  In  addition,  power  is  generated  by  the  EDER  dam.  Imndiately 
downstream  of  the  dam  are  the  power  stations  HEMTORTH  I (13,000  kw ) and  II 
(17,000  kw)  with  nine  generating  units  in  all.  In  addition,  in  HRMFURTH 
is  the  pump  storage  plant  WALDECK,  vMch  with  its  four  turbines  has  a 
peak  output  of  115,000  kw,  and  finally  there  is  at  AFFOLDERN  at  the  EDER 
re-regulation  pool  a snail  run-of-tho-river  power  plant  with  a single 
turbine  delivering  2,560  kw. 

This  arched  nasonry  dam  is  400  m long  at  the  top,  48  m 
high  and  the  maxiimin  water  depth  is  41  m.  The  wall  is  about  6 m thick 
at  the  crown  and  35  m at  the  baso.  A cross  section  is  shown  in  Figure  3. 

In  the  attack  on  the  EDER  dam  which  occurred  at  1:20  a »m. 
on  the  17  of  May  1943,  a hole  of  about  25  m radius  (figures  4 and  5) 
was  blasted  through  the  dam  near  the  left  tower  (as  seen  from  the  down- 
stream side).  As  the  breach  was  smaller  than  the  one  in  the  MOHNE  dam, 
the  time  needed  for  the  reservoir  to  run  out  was  longer  than  at  thc- 
MOHNE.  The  maximum  discharge  through  this  breach  was  computed  to  have 
been  8,500  mr/sec,  or  to  have  been  of  similar  nagnitudo  as  the  flew 
from  the  MOHNE  dan.  The  time,  however,,  to  empty  the  reservoir  of 
154,4x10°  m3  out  of  a total  of  202,4x10°  m3  which  wero  in  storage  at 
the  time  of  the  attack,  extended  to  36  hours. 

Besides  the  opening  which  resulted  from  the  blast,  cracks 
and  loosened  sections  appeared  in  several  places.  The  damage  at  the 
power  stations  at  HEMFURTH  and  AFFOLDEIW  was  reported  as  severe.  The 
flood  wave  which  was  able  to  spread  easier  in  the  much  larger  EDER  and 
FULDA  valley,  did  not  have  the  sane  catastrophic  effect  here  as  it  had 
in  the  narrow  MCHNS  and  RUHR  valley.  The  damage,  however,  was  still 
large  enough . The  river  bed  of  the  EDER  from  the  dam  to  the  mouth 
was  completely  devastated,  and  in  addition,  large  land  areas  were 
flooded  and  covered  with  silt.  The  retaining  dike  of  the  re-reguln tion 
pool  shewed  large  crevices  and  wa3h-outs.  The  rapid  dropping  of  the 
water  level  in  the  EDER  lake  caused  largo  slides  in  four  places  along 
the  shore.  The  locks  of  all  seven  dsms  on  the  canalised  FULDA  between 
GUN  TERRA  USEN  and  HANNOVERISOJ-MUNTEN  were  silted  in  and  partly  washed 
out.  Manifold  damage  was  caused  on  the  weirs  and  gates.  The  flood 
wave  caused  a heaiy  bedload  movement  which  nade  it  necessary  to  dredge 

30.000  m3  to  restore  the  original  conditions  on  the  FULDA.  This  bed- 
load movement  continued  in  the  WESER  downstream  of  HANNOVERXSCH-MUJDHN 
causing,  shoals  which  tod  to  be  removed  by  further  dredging  (app, 

5.000  hk).  In  addition,  about  1,000  spur-dike3  on  the  WESER  were  either 
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destroyed  or  damaged.  The  shore  line  of  both  the  FULDA  and  7/ESEP 
heavily  damaged.  On  the  WES  EH  alone  5*5  km  of  shore  protection  had 
to  be  rebuilt. 

IT.  Flow  of  the  MOHNE  dan  floodwave. 

The  reconstruction  of  the  movement  of  the  flood  wave  after 
the  MOHNE  dan  catastrophe  was  difficult,  due  to  the  destruction  or 
damage  of  most  3tream  gages  on  a long  reach  of  river  below  the  dam* 

Most  of  the  gages  which  were  left  in  operation  were  incapable  of 
measuring  the  unusually  higr  stages.  For  this  reason  only  few 
definite  gage  readings  are  available  in  the  MOHNE  and  upper  RUHR 
valley.  Regular  and  true  measurements  were  only  possible  below  the 
town  of  HAGEN  in  the  middle  part  of  the  RUHR  valley.  However,  the 
marks  which  the  flood  left  behind  made  it  possible  to  determine  the 
maximum  stages  without  gage  readings.  The  determination  of  the  time 
of  travel  which  the  flood  wave  traced  was  much  more  difficult.  For 
this  it  was  necessary  to  rely  on  the  reports  of  eye  witnesses.  As  it 
is  well  known  that  such  reports  may  be  very  questionable,  a consciai-* 
tious  and  critical  evaluation  of  all  eye  witness  reports  was  performed 
by  the  competent  authority,  Water  Resources  Control  Office  (Wassor- 
wirtschaftsamt)  at  HAGEN.  The  results  of  this  investigation  are 
presented  in  table  1 and  on  figures  6 and  7. 

A,  The  flow  from  the  dam. 

At  the  time  of  the  attack  the  reservoir  contained  132.2 
xlCr  m3.  Regular  observations  on  the  reservoir  gage  were  trade  only 
after  the  general  agitation  and  confusion  was  somewhat  reduced  at 
6 a«m.  The  gage  readings  obtained  at  the  time  of  the  attack  (12t49  ajn.) 
and  after  6 ajn.  are  shown  in  figure  6,  and  were  connected  by  a curve 
based  on  the  assumption  that  the  flow  had  been  continuous  and  that  the 
initial  size  of  the  break  in  the  dam  was  equal  to  its  final  size. 

The  time  % and  the  time  difference  c t (columns  1 and  2 
of  table  1)  were  determined  from  the  reconstructed  curve  of  the  storage 
volume  V-.  as  a function  cf  time  for  points  of  even  10x10^  m3  volume 

(colum  3 of  table  1).  A definite  anount  of  water  was  retained  in  the 

HEVE  and  STOCKUM  forebays,  two  sub— reservoirs  of  the  MOHNE  reservoir, 
connected  with  the  main  basin  only  by  small  gates.  Column  4 of  table  1 
takes  this  into  consideration. 

The  discharge  Q - f(t)  can  be  determined  either  as 

Q "aV/^t  (column  7)  or  as  Q • dv/dt  (colunn  8)  the  slope  of  the  tangent 

to  the  curve  V * f(t)  at  the  time  t.  Dy  this  method  the  maximum  dis- 
charge Qmax  - 8,800  m3/seo  was  obtained.  The  discharge  however  dropped 
rapidly.  At  6 awn,  or  5 hours  after  the  dam  break,  it  was  still 
2,000  m3/sec  and  three  hours  later  1,000  m3 /sec  (figure  6).  It  can 
be  assumed  that  by  12  o’clock  noon  the  outflow  for  practical  purposes 
was  complete. 
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3.  The  flood  wave  timing  in  the  MCHNE  aid  RIJHR  valley. 

The  results  determined  ty  the  Water  Resources  Control  Offic 
at  HAGEN  are  shown  graphically  on  figure  7.  The  curves  represent  the 
theoretical  course  of  the  flood  wave.  In  reality  these  curves  are  less 
regular,  because  the  v/ave  is  dependent  upon  the  changing  shape  of  the 
valley.  Where  the  valley  widens  the  wave'has  a chance  to  spread  and 
its  orogress  is  therefore  retarded.  This  was  the  case  especially  at 
the  three  RUHR  lakes.  These  are  the  HENGSTEY  Lake  at  HAGEN  (1.6 
area  and  2.8xlCP  m 3 storage),  the  HARKORT  Lake  (1.4  km2  area  and 
3,3x10°  m 3 storage),  and  the  BALDENY  Lake  on  the  sexith  edge  of  the 
city  of  ESSEN  (1,4  km^  area  and  9x10°  m3  storage).  The  BALDENY  Lake 
was  completely  empty  at  the  time  of  the  accident  in  the  T'.?0HNE  Valley. 
This  lake  was  emptied  as  a protective  measure  against  air  attacks 
(to  make  orientation  difficult).  The  HENGSTEY  and  HARKORT  Lakes  were 
full  but  were  immediately  arptied  when  the  facts  of  the  catastrophe 
became  knowi  ,2 

To  vhat  an  extent  the  BALDENY  Lake  reduced  the  approach- 
ing flood  wave  can  be  seen  from  the  fact  that  the  high  water  level 
downs tream  was  lower  than  the  catastrophic  flood  of  1890,  while  up- 
stream it  was  hi^ier.  The  inflow  into  BALDENY  Lake  was  about 
2,500  nP/sec,  a flow  which  theoretically  could  be  held  back  for  one 
hour.  The  time  of  the  arrival  of  the  flood  wave  head  that  is  the 
beginning  of  the  rise,  and  the  time  cf  the  passing  of  the  crest,  are 
diowi  for  the  entire  reach  firm  the  MCHNE  Valley  to  the  mouth  of  the 
RUHR  about  150  km  long  by  curves  1 and  2 of  figure  7.  The  time  3cale 
on  the  left  of  the  figure  should  be  used  for  these  two  curves  only. 

It  is  natural  that  the  lag  between  the  beginning  of  the  rise  and  the 
passing  of  the  crest  increases  with  increasing  distance.  At  the 
mouth  of  the  RUHR  this  lag  was  6 hours. 

Ir.  addition,  figure  7 shows  the  velocity  of  the  wave  at 
its  head  (curve  3)  and  at  its  crest  (curve  4).  The  velocities  were 
determined  from  curves  1 and  2 according  to  the  equation  C - dl/dt 
which  is  represented  as  tangents  to  these  curves.  Table  2 shows  some 
of  the  important  values. 

C.  Stages  and  Discharges. 

In  the  MOKNE  valley  the  stages  exceeded  the  previously 
accepted  maxirum,  the  flood  of  1890,  by  an  average  of  3 to  4 m.  In  the 
vicinity  of  HAGEN,  about  65  km  below  the  dam,  the  stage  exceeded  the 
1890  flood  by  2 m,  and  at  the  entrance  into  BALDENY  Lake  by  still 
0.50  m.  Below  the  lake  the  water  level  approached  the  3890  stage 
within  0.50  m.  It  was  determined  that  especially  high  stages  occurred 
wherever  the  valley  becane  narrow  or  where  bridges  and  similar  struc- 
tures obstructed  the  flow. 
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The  measured  stages  were  on  averted  into  approximate 
discharges  Q by  the  use  ol'  extrapolated  rating  curves,  in  the  entire 
MOHNE  and  RUHR  vallqy . Curve  5 in  figure  7 shows  the  result.  It 
can  be  seen  that  a relatively  fast  flattening  of  the  flood  wave  took 
place,  In  the  approxinfitely  150  km  long  reach  from  the  origin  to  the 
confluence  of  RUHR  and  RHEIN,  the  peak  discharge  Q changed  from 
3,800  m3/sec  to  1,840  m3  /sec.  Of  this  amount  740  m3/sec  came  from 
the  normal  RUHR  flow  while  1,100  m3/sec  can  be  charged  to  the  flood. 

This  was  determined  by  gage  observations  on  the  RHINE  River  at  DUISBURG 
just  dov/nstream  frem  the  mouth  of  the  RtHR. 

HI.  now  of  the  F.DER  Dam  floodwave. 

Figure  8 shows  graphically  some  of  the  phenomenas  associated 
with  the  failure  of  the  EDER  Dam,  compiled  from  investigations  made 
by  the  Wslerways  Bureau  (WASSERSTRASSHJDIREKTKK ) at  HANNOVER.  This 
figure  pre.ents  basically  the  same  picture  as  the  one  representing 
the  failure  of  the  M0HNE  dar.i.  It  should  be  noticed  that  the  peak 
discharge  values  vary  only  slightly  at  both  dams  (M0HNE  Dam 
Qmax  = 8,800  m3/sec,  EDER  Dam  %iax  - 8,500  m3/seo).  The  duration 
of  the  outflow,  however,  is  considerably  different.  While  the 
MPHME  Dam  was  empty  ir.  12  hours,  the  1.4  times  as  great  water  volume 
at  the  EDER  Dam  required,  thanks  to  the  analler  breach,  43  hours  to 
flow  out.  Figure  9 represents  data  on  the  flow  of  the  floodwave 
created  by  the  failure  of  the  EDER  Dam,  in  the  EDER,  FULDA  AND  WESER 
valley.  The  floodwave  flattened  out  rapidly  because  the  water  had 
sufficient  space  to  spread.  At  75  km  dovnstream  frea  the  dam  the  stages 
were  below  the  maximum  flood  of  record  (Jan.  1841).  At  the  gage  at 
IKTSCHEDE  near  BREMEN  (425.6  km  from  the  dam)  the  discharge  was  only 
665  nr/sec.  and  about  58x10°  m3,  that  is,  1/3  of  the  amount  that 
escaped  from  the  reserwair  was  held  by  the  valley  storage  of  the 
floodplain  above  this  point. 

The  velocity  of  the  floodwave  too  was  less  hero  than  in  the 
MOHNE  vallqy. 

These  computed  values  were  verified  in  August  1946  when  a 
floodwave,  intentionally  released  from  the  rebuilt  EDER  Dam,  was 
observed  throu^out  its  travel.  The  mean  velocities  determined  in 
this  test  for  the  reach  from  the  dam  to  HANN OVERIS CH-MUNDEN , a 
distance  of  94.4  km,  were  2,00  m/sec  for  the  head  and  1.31  n/ sec  for 
the  crest  of  the  floodwave.  These  values  are  sufficiently  close  to 
the  values  shown  in  table  3, 

One  of  the  most  urgent,  sinplest  and  cheapest  safety  measures 
that  car.  be  devised  against  the  effects  of  dam  failures  is  a careful 
stuefy  of  the  travel  of  intentionally  released  floodwaves.  This  would 
not  only  vi*-ld  information  regarding  the  speed  of  events  during  an 
actual  dam  failure,  but  would  also  point  out  points  of  probable  danger 
in  tine  to  develop  a safety  plan  and  carry  out  protective  measures. 
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IV.  Air  Attacks  on  Canals. 

Following  the  sunroer  of  1944,  navigation  ?nd  power  canals 
became  the  targets  of  air  attacks.  Especially  those  stretches  of 
canals  were  bombed  ^iere  it  was  either  possible  to  cause  flooding, 
due  to  the  fact  that  the  canal  level  was  higher  than  the  surrounding 
terrain,  or  where  structures  Ilk#  locks,  or  canal  inter- 

section, whose  reconstruction  ie  diffidttli  or  tiine  consuming,  could 
be  dairaged  or  destroyed.  An  especially  worth-vh ile  target  was  the 
vicinity  of  DATTELN  (figure  1)  where  several  canals  join. 

A.  The  D0RTMUND-EM5  Canal. 

This  canal  is  one  of  the  most  important  waterways  in 
Germany.  It  connects  the  RUHR  area  with  the  North  Sea,  he 3 a depth 
of  3.20  m and  an  average  width  at  the  water  level  of  4Gn.  The 
channel  side3  slope  in  the  upper  part  1 on  2.5j  in  the  lower  1 on  4* 
The  bottom  is  20  m wide  and  slightly  eloped  at  1 on  40.  Where 
the  canal  runs  above  the  surrounding  terrain,  the  dikes  have  a top 
width  of  3*50  m and  a landside  slope  of  1 on  1.5.  This  canal  was 
attacked  6 times  in  the  vicinity  of  DATTEIN  from  23  September  1944 
to  the  end  of  the  war.  The  damages  were  so  extensive  that  only  in 
March  1946  navigation  was  provisionally  reestablished.  The  first 
attack  caused  a dike  failure  through  which  a 30  km  long  reach  with  a 
water  content  of  3x10°  x rrr  ran  dry . 

B.  The  WESEL-DATTEIN  Canal. 

The  dikes  along  this  canal  have  a top  width  of  8,00  m, 
landside  slopes  of  1 on  3 and  waterside  slopes  of  1 on  3 or  1 on  4. 

The  water  depth  is  4.20  m.  This  dike  was  damaged  by  bombs  in  one 
place  so  badly  that  2,5  x 10^  m3  of  water  poured  out  washing  30,000 
m3  of  soil  away, 

C.  The  DATTELN -HAM1-'  Canal, 

This  waterway  was  hit  by  more  than  100  bonfcs  in  a place 
where  the  dike  crests  rise  6 to  7 m above  the  surrounding  terrain. 

The  top  width  of  the  dike  is  3.50  m and  the  water  and  ]and  side  slopes 
are  1 on  3 and  1 on  2,  respectively.  By  this  bonbing  the  water  was 
released  and  20,000  nx  of  soil  were  washed  away. 

The  high  dividing  levee  between  the  canal  and  the  river 
LIPPE,  a levee  with  a top  width  of  5 to  8 m and  slopes  towards  the 
river  of  1 on  2,  also  received  more  than  100  hits.  However,  it  did  not 
collapse  and  withstood  a flood  on  the  LIPPE  river  without  failure  in 
spite  of  the  many  weakened  places. 
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D.  The  EHEIN-hERNE  Canal. 

Ir>  this  case  we  were  successful  to  close  each  breach 
opened  by  the  fall  of  heavy  bcr.bs.  Dike  failures  which  would 
have  emptied  the  can^l  did  not  occur* 

E.  The  Canal  "yiTTLERE  ISAR." 

This  53.5  tan  long  canal,  owned  by  the  power  company 
"BAYERNWERK  AO"  branches  frem  the  ISAR  river  at  the  northeast 
edge  of  the  City  of  MUNCHEN  {figure  11),  and  carrying  at  the  in- 
take a maximum  flow  of  125  nr  /sec,  supplies  four  power  stations  - 
RINSING,  AUGKIRCHEN,  EITTING  AND  PFROMBACH  with  a ccmbined  output 
of  82,500  kw.  Air  attacks  were  carried  out  against  the  upper  reach 
on  the  9 of  June  and  the  11  and  13  of  July  1944.  A chart  showing 
the  bomb  hits  was  drawn  by  the  construction  office  of  the  "BAYEFNWERK 
AG"  and  is  shown  on  figure  13*  The  canal  did  not  leak  out  in  spite 
of  60  to  70  hits.  The  levee  fill  consisting  of  gravel  and  clay 
closed  its  own  breaches  by  slumping.  Even  the  power  station  continued 
to  operate  on  a reduced  scale  (1/4  to  l/3  of  normal  output).  Figure 
10  shows  a darmged  section  of  the  ISAR  canal  where  the  concrete  lin- 
ing of  the  scopes  can  still  be  seen.  The  repair  work  took  one-half  year. 

The  experience  gained  from  air  attacks  on  canals  has  taught 
us  that  the  usual  dike  top  width  of  3*5  m is  too  small.  However,  the 
example  of  the  MITILERE-ISAR  canal  shows  that  in  spite  of  this,  the 
dike  failure  is  not  inevitable.  It  is  recemnended  tint  the  crests 
be  enlarged  to  about  6 m thickness.  The  failure  of  the  levee  on  the 
WESEL-41ATTELN  canal,  in  spite  of  its  crest  thickness  of  8 m,  proves 
that  a thickness  of  6 m can  still  be  insufficient.  It  is  most  likely 
impossible,  for  economic  reasons,  to  increase  the  top  width  of  the 
dikaa  above  6 m.  Complete  safety  is  not  obtained,  but  for  most 
instances,  the  safety  is  sufficient,  especially  if  the  fill  material 
is  properly  selected.  It  would  be  asking  too  much  to  require  a levee 
cross  section  Thich  would  preclude  all  dangers.  If  such  an  idea  is 
carried  througi,  one  soon  reaches  dimensions  v/hich  can  net  be 
technically  or  economically  Justified. 

V.  MODEL  TESTS 

During  studies  made  in  1935  by  the  Saxanian  Waterways  Construc- 
tion Bureau  in  DRESDEN  regarding  a storage  basin  near  PIRHA  (figure  14), 
the  question  as  to  the  extent  of  damages  which  would  be  caused  by  a 
destruction  of  the  earth  dam  of  the  basin,  was  raised.  This  basin  was 
to  be  built  for  the  purpose  cf  facilitating  navigation  on  the  ELBE 
during  low  flows,  and  was  to  have  a content  of  120x10°  m3.  An  answer 
was  required  especially  regarding  the  effect  of  a flood wave  on  the 
Oily  of  DRESDEN,  located  only  17  km  from  the  basin,  in  case  of  a dam 
failure.  As  there  7/as  no  experience  to  draw  from,  thn  author  of  this 
paper  was  ccmnissioned  to  find  the  answer  to  these  questions  by  model 


tests.  The  tests  showed  that  a flood  wave  originating  at  the  PIIWA 
ba3in  would  flatten  out  comparatively  fast  because  sufficient  space 
exists  between  PIRNA  and  DRESDEN  for  ovcrbank  flow.  This  result 
was  confirmed  by  the  phencmenas  observed  at  the  failures  of  the  MCHNE 
and  the  EDER  dams.  A*  sufficiently  good  quantitative  similarity  was 
also  found,  (?)  The  model  tests  showed  fur+her  that  the  stages  in 
the  City  of  DRESDEN  during  the  passage  of  such  a flood  wave  would 
not  be  appreciably  higher  than  the  stages  during  the  catastrophic 
flood  of  1845,  and  the  old  bridges  with  their  comparatively  snail 
openings  (figure  15)  were  just  large  enough  to  pass  such  a flood. 

The  effects  of  dsanage  of  the  dam  crest  are  more  serious.  The  model 
tests  showed  that  an  earth  dam  is  beyond  all  help  if  water  from  the 
basin,  following  a penetrating  damage  can  leak  out,  even  if  it  is  in 
the  beginning  only  a thin  and  intermittent  jet.  The  water  then  begins 
to  scour  and  gnaws  a comparatively  narrow,  steadily  increasing  in 
depth,  slat  in  the  dan.  This  process  does  not  stop  until  the  entire 
reservoir  is  empty.  The  different  phases  of  such  a dam  failure  in  the 
rmxlel  are  shown  on  figures  16  A through  G.  To  make  the  model  condi- 
tions as  similar  as  possible  to  nature,  blasts  of  one  or  more  200  gram 
charges  (mostly  TOT)  were  set  off  on  a dam  model  3 m hi$i  and  2 m wide 
at  the  top,  which  was  erected  in  the  open,  The  fill  rmterial  was  non- 
binding sands  T/ith  from  0.02  to  2 millimeter  grain  size.  3Th'.  propor- 
tionality law  of  explosions  is  givai  by  the  formula  t - a Yl  or  t?  * 
in  #iich  t is  the  depth  of  the  crater  in  meters  and  L is  the  amount  of 
explosives  in  kilograms.  This  shows  that  eight  times  as  much  explosives 
are  necessary  to  double  the  depth,  of  the  crater.  The  factor  "a" 
is  dependent  on  the  soil  condition  and  in  this  case  was  found  to  be  0.73. 
It  was  also  determined  that  "a"  is  little  dependent  on  the  type  of 
explosive  used.  It  was  assumed  in  all  tests  that  the  explosive  occurred 
at  optimum  depth  (about  0.8t)  and  that  a crater  with  the  natural  slope 
of  36°  (or  an  overall  angle  of  108°)  was  found.  The  proportionality 
law  of  explosions  was  checked  and  confirmed  for  charges  up  to  1,000  kg. 

The  values  for  light  sandy  soils  are  given  in  table  4 (status  1945), 

All  model  tests,  regardless  of  their  scale,  showed  conclusively 
that  any  leakage,  even  an  insignificant  one,  represents  prirary  danger 
because  it  leads  without  fail  to  a dam  break,  except  if  it  is  possible 
to  stop  the  flcwr  at  the  damage  point  immediately. 

This  points  the  way  towards  the  development  of  earth  dans  of 
such  form  and  size  that  would  make  the  probability  of  or  damage 
causing  a leak  a small  one.  This  means  thicker  dams  than  before, 
especially  at  the  top,  and  flatter  slopes.  For  the  earth  dam  of  the 
proposed  PIRNA  reservoir,  which  vas  t/.  be  about  30  m high,  the  crest 
width  was  changed  from  10  to  30  m,  and  the  slope  from  1 on  4 to  1 on 
2.5,  as  a result  of  these  model  tests.  However,  this  desigi  has  net 
been  executed.  These  dimensions  appear  unreasonable . However,  they 
are  not  if  you  oompare  them  with  the  Russian  earth  dams  on  the  WOLGA . 

The  dam  at  UGLITSCH  is  at  the  normal  water  surface  elevation  60  m thick, 
and  the  earth  dam  near  RYBINSK  is  even  147  m thick.  It  must  be  remcaribered 
that  there  are  in  the  *flYBINSK  SEA"  nearly  25xl09  m3  of  water  which  in  a 
dar  failure  would  cause  an  inrnaase  flood. 
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With  the  cmter  shape  and  the  scale  relation  determined  by 
the  model  tests,  all  further  work  can  be  done  graphically.  Figure  17 
shows  this  as  applied  to  the  dam  at  PIRNA  under  the  assumption  that  11 
and  9-1,000  kg  charge?  respectively  were  simultaneously  exploded  at 
optimum  depth  in  the  dam  crest.  In  the  first  case  (a)  the  dam  would 
be  cut  through  completely  while  in  the  second  case  (b)  several  humps 
would  remain  yhich  the  water  surge  created  by  the  explosion  would 
scour  away . The  model  tests  ccnf irmed  that  the  assumption  was  correct* 

It  is  assumed  that  all  charges  are  simultaneously  detonated.  If  this 
is  not  idle  case,  the  effect  will  be  considerably  reduced,  because  the 
late  blasts  would  partially  fill  in  the  craters  blown  by  the  early  ones. 
This  is  the  reason  why  the  earth  dam  across  the  SORFE  River  withstood 
11  heavy  borrb  blasts.  The  case  of  the  MITTLERE  ISAR  canal  shows  that  a 
bold)  mosaic  must  not  necessarily  cause  a dam  failure. 

VI.  Discussion  and  Conclusion 

The  catastrophies  which  occurred  in  the  MOKNE  and  EDER  valleys 
during  the  late  war,  and  the  failures  of  the  levees  along  several 
canals,  point  up  the  fact  that  in  the  planning  of  hydraulic  structures 
protection  against  intentional  destruction  needs  more  study  today  than 
ever  before.  Complete  and  absolute  protection  is  inpo^'iblc  especially 
because  in  the  progress  of  engineering  the  meaning  of  safety  is  a con- 
tinuously changing  one.  Havever,  as  most  hydraulic  structures,  especially 
dams,  are  long-term  projects  which  fulfill  their  purpo"-  for  a generation 
or  more,  protection  is  very  difficult  because  it  is  impossible  to  fore- 
see the  development  of  engineering  for  centuries  ahead.  It  is  the  duty 
of  eveiy  responsible  engineer  to  plan  ahead  safety  measures,  arri  continue 
to  improve  them,  which  protect  against  foreseeable  dangers  and  are 
possible,  sensible  and  economical . 

In  the  case  of  dams  and  levees  the  following  conclusions  were 

reached : 


1,  Earth  dams  provi.de  greater  protection  against  intentional 
destruction  than  do  rrasenry  dams,  ?faenever  it  is  possible  to  erect  an 
earth  dam  in  place  of  a masonry  one,  this  possibility  should  be  explored. 
Buttress  dams  are  especially  vulnerable. 

2.  In  an  emergency  it  is  usually  sufficient  t-  lower  the 
water  level  a few  meters  to  give  a fair  degree  of  protection  to  both 
earth  and  irasonry  dams. 

3«  It  appears  that  in  the  future,  larger  cross  sections 
than  are  normal  today,  at  least  near  the  top,  will  be  necessary  on  both 
earth  and  nasoniy  dams.  To  the  considerations  of  design  used  up  to.  now, 
such  as  statics  and  economy,  a new  one,  protection  against  willful  destruc- 
tion, must  be  added. 
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4.  Tho  most  important  step  in  protecting  earth  dans  is 
leak  proofing.  Once  water  has  found  its  ray  to  the  dovm  stream  or  land 
side  of  a dan,  an  embankment  failure  cannot  be  averted.  The  process 

of  destruction  once  begun,  continues  automatically.  Relief  is  possible 
only  in  the  earliest  phases. 

5.  Flood-raves  created  by  dan  failures  may  have  catastrophic 
effects  in  rarrow  valleys  and  near  flow  obstructions.  In  rider  valleys 
there  the  rater  can  spread,  the  crest  of  the  floodrave  flattens  out 
rapidly  and  soon  loses  its  destructive  force#  In  the  RUHR  areas  artifi- 
cial lakes  helped  to  reduce  tho  flood  created  by  the  failure  of  the 
MOHNE  dam.  Storage  basins  like  these  will  prove  themselves  helpful  in 
many  instances. 


6.  Safety  can  be  improved  by  releasing  trial  floodravcs 
from  dans,  to  discover  hidden  danger  sources  in  advance  and  to  institute 
tirx2ly,  correct  protection  measures. 

7.  Model  tests  have  shown  themselves  as  valuable,  iraybe 
even  an  indispensable  aid  in  the  design  of  earth  dams  and  levees  in 
connection  with  their  safety  against  intentional  destruction.  It  also 
is  believed  that  model  tests  would  help  to  judge  the  safety  of  masonry 
structures  against  such  destruction. 


Footnotes: 

1.  See  also  ^Grundsatzliches  zur  TTahl  des  Staumauertyps  fur  grosse 
Staubecken"  SBZ  1948,  Nr.  11,  page  150, 

2.  The  warning  system  operated  excellently  during  the  failure  of  the 
MCHNE  dam.  Villages  and  toms  in  the  MOHNE  and  RUHR  valley  were 
informed  of  accident  in  the  shortest  possible  time.  The  many 
fatalities,  especially  in  the  town  of  NEHEIM,  occurred  because 
the  population  did  not  grasp  the  seriousness  of  the  catastrophe. 

3.  The  main  difficulty  in  reproducing  a flood  flow  in  a model  is  the 
reproduction  of  the  roughness  in  the  flood  plain.  This  is  only 
possible  vhen  sufficient  and  accurate  data  are  available  regarding 
the  natural  conditions. 


TITLES  kND  GLOSSARY  OF  TA3TE3  AND  FIGURES 


Tabelle  1, 

UHRZEIT  am  17.  Mai  1943 
Aeitdifferenz  in  Sokunden 
Inhalt  des  Staubecken's  in  Mio  ir& 

Dlffcrcnz  in  Mio  n? 

Ausgeflossenes  Vfasservolumen  in  Mio  nP 

Sekundlich  ausgef lossene  Wassermenge 
in  nP/sec. 


Table  1 

Tine  on  the  17th  May  1943* 

Tine  interval  in  seconds. 

Content  of  reservoir  in 
millions  cubic  meters. 

Change  in  millions  cubic  meters. 

Water  volume  discharged  in 
millions  cubic  meters. 


Discharge  in  cubic  meters  per 
second . 


Tabelle  2.  (Table  2)  Velocity  of  the  wave  head  and  crest  in  bhe  UiGriLE 
and  RUHR  Valley  in  maters  per  second, 

Stelle  Location 


Sperre 


Dam 


Mundung  in  den  Rhein 
Durchschr.it  tswert 
Wallenkopf 
Wellenscheitel 


Confluence  vith  RHElr: 
Average  value 
Wave  head 
Wave  crest 


Tabelle  3,  (Table  3)  Velocity  of  the  rave  head  and  crest  from  the  EDER 
dam  in  meters  per  second, 

Stelle  ) 

Sperre  ) 

Wei lonkopf  ) See  glossary  for  table  2 

Wellenscheitel) 

bei  Bremen 

Tabelle  4»  (Table  4)  Blast  effects  in  light  sanefy  soil, 

Sprengladung  Explosive  cliarge 

Trichter  Crater 

Tiefe  Depth 

Mode liver such  Model  test 
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K (Figur  ? 1)  Location  map  of  M0KN2  aryl  SORPE  dam  and  the  naviga- 
tion canals  in  the  R15£R  area.  Scale  1:800,000 


Talsperrc  Dam 

Knnal  Canal 

See  Lake 

Bild  2.  (Figure  2)  Over-all  imp  of  the  EDE!v-FU7DA-'YESER  Rivers  and 
KTT  TELIA  N!D  canal  drainage  area.  Seal;:  1:3,000,000 

Bild  3.  (Figure  3)  Crcss-s actions  through  the  MCHNE,  SORPE  and  EDER 
dar . Scale  1:3000 


Talsperrc 


Dam 


Schutzschichte 


Protective  layer 


Mi  t tel 


Mean 


Schuttung  aus  dichtar  material 


Fill  of  impervious  material 


Beton-Dichtungskem 


Concrete  core 


Schuttung  aus  imterial  ,oit  starkOT  Gehalt 
an  Kies,  Geroll  und  steinbruchabfall 
gewalzt . 

Bild  4.  (Figure  4)  Breach  in  the  EDER  dam. 


Fill  material  containing 
much  gravel,  rubble  and 
quarry  spoils,  rolled. 


Bild  5.  (Figure  5)  EDEF  dam  after  destruction.  Upstream  face 


Bild  6.  (Figure  6)  Flan  firm  the  VO^NE  dam  reservoir. 
* 

Vo lumen  Volume 

Uhrzeit  time 


Secrmdliche  thsscrmenge 
Sckundliche  Abf lussmenge 
Zeitpunkt  dcs  bruches  der  sperre 
Inhalt  des  Staubeckens 
Gesarites  ausgcf lossenes  Was  servo  lumen 

Beobachtungen  m Pegel  des  Stausees 


Discharge 

Discharge 

Time  of  the  dam  failure 

Content  of  the  Reservoir 

Total  rater  volume 
discharged 


Observations  on  the  reser- 
voir gage 
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Bild  7.  (Figur  j 7)  Flood-wave  at  th-?  breach  of  the  r^OHNE  dam;  timing, 
velocity  and  di  a charges. 

Uhrzeii  T (Stundcn)  Time  t (hours) 

Entfemum  ; L var.  dor  ’.'OHM-.-Talsperrc  in  tea  Distance  T.  fro rr  NOHNfi 

cam  in  kilometers 


Sekur.dlichc  Afcfussmenge  Q n^/s  in  M3HN3-U  P.uhrtal  Discharge.  Q cubic 


meters  cer  second  in 
the  M0KNE  and  RUHR 
valley 

Sc'nnclligkeit  C in  m/s 

Velocity  C in  meters 
per  second 

Beobachtete  Werte  fur  die  Kurvai  1 u 2 

Observed  values  for 
curves  1 and  2 

Beginn  des  Steigens  (Wellenkopf) 

Begin  of  rise  (wave  head) 

T/ellenscheitel 

Wave  crest 

Bruch  der  Staumoner 

Failure  of  masonry  dam 

Schnelligkeit  des  ^ellenkopf es 

Velocity  of  the  crest 

Seccndliche  Abflussmenge 

Discharge 

Schnelligkoit  des  ‘Vellenscheital 

Velocity  of  the  crest 

Pagcl 

Gage 

P. 

Gage 

Schleuse 

Gate 

Bild  8.  (Figure  8)  Flew  fmn  the  EDER  Valley  reservoir 

(See  glossary  to  figure  6) 

Bild  9.  (Figure  9)  Floodwave  in  the  EDER,  FUIDA  and  WESEt  rivers  due  to 

the  break  of  the  EDER  dam. 

Gcsante  Abflussmcnge  hoim  Bruch  dcr  Speere  Total  volume  discharged 

by  the  dam  failure 

Hechstes  bekanntes  Hocbwasscr  von  Jan  1841  Highest  known  flood, 

Jan . 1841 

Hochvasservrelle  nach  dcr>  Bruch  der  EDER  talspere  Floodwave  following 

the  failure  of  the  EDER 
dam 
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Bilci  10.  (Figure  10)  Damages  to  the  M1TT1.ERE  ISAR  canal. 

Rild  11.  (Figure  ll)  Situation  plan  of  the  ISAR  canal;  li 750, 000 
Wehr  Weir 


Kanal  Canal 

K.W.  Power  Station 

Ausgleichr-Weiher  Re-regulation  pool 


Bild  12c  ;.;*eurol2)  Cross  section  through  the  levee  in  the  area  showi 
in  figure  13. 

Betcnschale  als  Cichtung  von  Boschung  Concrete  liner  for  water- 

proofing of  slopes  and 
invert,  average  20  centi- 
meter thick. 


Bild  13 , (Figure  13)  Bomb  hit  diagram  from  the  air  attacks  an  the 
MITTLERE  ISAR  canal  below  MUNfflEN,  Plan  It 17, 500 

Wehr  und  E in laufbauwe rk  Weir  and  intake  structure 


Brucke 

Bild  Uo  (Figure  14) 
Oberfloche 


Bridge 

Situation  plan  of  the 
proposed  reservoir  at 
PIRNA  above  DRESDEN 

Surface  area 


Inhalt  Content 

Bild  15.  (Figure  15)  Model  for  the  flood  flow  tests  from  PIRNA  reservoir. 


Bild  16.  (Figure  16)  a through  g.  Model  test  of  an  earth  dam  failure. 
Height  of  the  model  dam  3 m«  top  width-  2 m. 


Bild  17.  (Figure  17)  Dike  for  PIRNA  with  different  blast  oraters . 
Cross-section  « Scale  1:1200,, 


Elf 

Neun 

Ladungtxi 

Trichter 

Durchmesser 


Eleven 

Nine 

Charges 

Crater 

Diameter 


NOTE:  All  geographic  and  other  names  are  shown  in  capital  letters. 

The ■ German  spelling  is  used  so  that  they  match  the  naps  presented. 
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tabu:  i - (mows  daw  floods  ve  data) 


Time  on 

Time 

Volune  of 

Change  in 

Total  Vol'.me 

Discharge  in 

17  '.'ay  Interval 

Reservoir 

Vo  line 

Discharged 

cubic  meters 

1943 

t 

(Sec) 

t 

(mill  .m3) 
V1  72 

(mill.irP) 

V 

(mill  .m3) 
V 

per  second 

Q 0 

1 2 

3 4 

- .5  — 

6 

8 

0:49 
1:12 
1:30 
1:52 
2:16 
2:44 
3:18 
3:59 
4:52 
5*  59 
7:39 


1380 

1080 

1320 

1440 

1680 

2040 

2460 

3180 

4020 

6000 


132.2 

132.2 

120 

120.44 

no 

112.02 

100 

103.47 

90 

94.95 

80 

85.45 

70 

75.98 

60 

66.29 

50 

56.29 

40 

46.29 

30 

36.29 

20 

26.29 

11.76 

8,42 

8.55 

8.52 

9.50 

9.47 

9.69 

10.00 

10.00 

10.00 

10.00 


0 

11.76 

20.18 

28.73 

37.25 

46.75 

56.22 

65.91 

75.91 

85.91 

95.91 


852C 

7800 

6480 

5920 

5660 

4640 

3940 

3140 

2490 

1670 

813 


880C 

8060 

7040 

648O 

5560 

5040 

4350 

3600 

2780 

1990 

1530 

556 


11:04 


12300 


105.91 


TABLE  2 - VELOCITY  OF  THE  r.;AVE  HEAD  AND  OtEST 
IN  THE  MOrtJE  AND  RUHR  VALLEY 


Dar 

Confluence 

Average 

Location 

(m/sec) 

with  RHEIN 

value 

■ m/sec) 

(m/sec) 

Wave  Head 

7.36 

1.445 

2.88 

Wave  Orest 

4.15 

1.195 

1.89 

TABLE  3 - 

VELOCITY  OF  THE  WAVE  HEAD  AND  CREST 
FROM  THE  EDER  DAM 

Dam 

Bremen 

Location 

('m/sec'i 

t m/sec) 

Wave  Head 

2.39 

1.22 

Wave  Crest 

1.28 

1.08 

TABLE  4 

- BLAST  EFFECTS  IN  LIGHT 

SANDY  SOIL 

Explosive  charge 

(kg)  0.2*  100 

2 50  500  1000 

Crater  Depth 

(m) 

0.43 

3.4  4.6 

5.8 

7.3 

Crater  Max.  Diameter 

(m) 

1.2 

9.4  12.7 

16.0 

20.0 

* Model  Test 


